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PRESENTATION 



PUBLICATION of this third edition of 
* the Goodman Mining Handbook has 
been long deferred because of war conditions 
—the shortage of paper, the scarcity of 
leather, etc. — which made it wholly im- 
proper to divert from more important uses 
the materials which go to make up a volume 
of this character. 

The book is now offered as a pocket or 
desk reference aid to the mining man who 
wants short cuts to desired results in ordi- 
nary calculations, and handy data to relieve 
his mind of the biu*den of attempting to hold 
in memory the important formulas and 
practices of his daily work. 

The following pages contain some new 
matter, necessary revision of statistical 
data, and extension of the Goodman product 
simmiary. The Goodman Manufacturing 
plant has received several successive addi- 
tions until now it appears as shown by the 
new view on opposite page. 

As heretofore, much of the material in 
the present book has been arranged from 
data of the Goodman Manufacturing Co., 
and its accuracy is based on long experience. 
Many of the tables and much of the general 
information have been calculated and 
arranged expressly for this handbook; other 
matter has been derived from standard 
sources of recognized authority and relia- 
bility. 
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Resistance of 

Copper and Aluminum Wire 

at TS"" Fahrenheit 
Conductivity: Copper 98%; Aluminum 62%. 



Wire 
No.. 

B.&S. 

Gauge 



0000 
000 

00 


1 

2 
3 
4 

5 
6 
7 
8 

9 
10 
U 
12 

13 
14 
15 
16 

17 
18 
19 
20 



Area, 
Circu- 
lar 
Mils 



211600 
167805 
133079 
105592 

83695 
66373 
52634 
41743 

33102 
26251 
20817 
16510 

13094 

10382 

8234 

6530 

5178 
4107 
3257 
2583 

2048 
1624 

1288 
1021 

810.1 
642.5 
509.5 



Copper 



Volts Lost 
per Ampere 



Per 

1000 

Feet 



0.049 
.062 
.078 
.098 

.124 
.156 
.197 
.249 

.314 
.395 
.499 
.629 

.792 
1.00 
1.26 
1.59 

2.00 
2.53 
3.19 
4.02 

5.07 

6.39 

8.06 

10.16 

12.81 
16.15 
20.37 



404.0 25.68 

25l 320.4 32.38 
261 254.1140 fU 



Per 

MUe 



0.25920393 
.32716172 
.412 12825 
.51910176 



.655 

.825 
1.04 
1.31 

1.66 
2.09 
2.63 
3.32 

4.18 
5.28 
6.65 
8.39 

10.58 
13.34 
16.82 
21.21 

26.75 
33.73 
42.53 
53.64 

67.63 
85.27 

107.5 

135.6 

171.0 
215.6 



Feet 

per 

Ohm 



8066 

6396.7 
5072.5 
4022.9 

3190.2 
2529.9 
2006.2 
1591.1 

1262.0 

1000.5 

793.6 

629.3 

499.1 
395.8 
313.9 
248.9 

197.4 
156.5 
124.1 

98.441 



Aluminum 



Volts Lost 
per Ampere 



Per 

1000 

Feet 




0.078 

.098 
.123 
.155 

.196 
.247 
.311 
.393 

.496 
.625 
.789 
.994 

1.253 
1.580 
1.990 
2.513 

3.167 
3.992 
5.035 
6.345 

8.013 
10.11 
12.73 
16.07 

20.25 
25.53 



Per 

Mile 



0.41012888.9 
.51710236.9 
.652 8118.5 
.822 6441.7 



1.036 
1.306 
1.646 
2.075 

2.620 
3.305 
4.173 
5.255 

6.627 
8.360 
10.53 
13.29 

16.75 
21.10 
26.66 
33.55 

42.30 
53.40 
67.25 
85.06 

107.1 
134.9 



Feet 

per 

Ohm 



Aa.t>^\^v^». 



5105.8 
4049.1 
2546.5 
3210.9 

2019.4 
1601.4 
1269.9 
1007.2 

798.8 
633.3 
502.32 
398.35 

315.90 
250.54 
198.68 
157.55 

124.95 
99.09 
78.58 
62.31 

49.42 
39.20 






^^V 
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Properties of 

Stranded Copper and Aluminum Cable 

at TS"" Fahrenheit 
Conductivity: Copper 98%; Aluminmn 62% 



Wire 


Area, 


No., 


Circu- 


B.&S. 


lar 


Gauge 


MUs 




1000000 




950000 




900000 




850000 




800000 




750000 




700000 




650000 




600000 




550000 




500000 




450000 




400000 




350000 




300000 




250000 


0000 


211600 


000 


167805 


00 


133079 





105592 


1 


83695 


2 


66373 


^ 


52634 


4 


41743 



Copper 



Weight of Bare 
Cable, Pounds 



Per 

1000 

Feet 



Per 

MUe 



3050 16104 

2898 15299 

2745 14494 

2593 13688 

2440 12883 

2288 12078 

2135 11273 

1983 10468 

1830 9662 

1678 8857 

1525 8052 

1373 7247 

1220 6442 

1068 5636 

915 4831 

762 4026 

645 3405 

513 2709 

406 2144 

322 1700 

255 1346 

203 1072 

160 845 

127 671 



S/ 331021 103 1 544 
^/ 26251/ 81 I 428 



Volts 

Lost per 

Ampere 

per 

1000 

Feet 



0.0105 
.0111 
.0117 
.0124 

.0131 
.01401 
.0150 
.0162 

.0175 
.0191 
.0210 
.0234 

.0263 
.0300 
.0350 
.0420 

.0497 
.0625 
.0789 
.0995 

.1258 
.1579 
.2004 
.2525 



Aluminum 



Weight of Bare 
Cable, Pounds 



Per 

1000 

Feet 



920 

874 
828 
782 

736 
690 
644 
598 

552 
506 
460 
414 

368 
322 
276 
230 

194.7 

154.4 

122.4 

97.1 

77.0 
61.0 
48.5 
38.5 



Per 
MUe 



4858 
4617 
4374 
4131 

3888 
3645 
3402 
3159 

2916 
2673 
2430 

2187 

1944 
1701 
1458 
1215 

1028 
816 
647 
513 

407 
323 
256 
203 



Volts 

Lost per 

Ampere 

per 

1000 

Feet 



.3U2\ 30 .l\ Vt>V 
.39601 24. \\ Vr^ 



0.0166 
.0175 
.0185 
.0196 

.0207 
.0221 
.0237 
.0256 

.0276 
.0302 
.0332 
.0370 

.0416 
.0474 
.0553 
.0664 

.0785 
.0987 
.1247 
.1573 

.1988 
.2495 
.3168 
.3990 
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Weight of 

Bare Copper Wire 



Wire 


Diam- 
eter, 
Inches 


Area, 

Circular 

Mils 


Weight of Bare 
Wire, Pounds 


B.&S. 
Gauge 


Per 
1000 Feet 


Per 
Mile 


0000 
000 

00 



0.460 
.410 
.365 
.325 


211600 
167805 
133079 
105592 . 


640.7 
508.1 
403.0 
319.7 


3383 
2683 
2128 
1688 


1 

2 
3 
4 


.289 
.258 
.229 
.204 


83695 
66373 
52634 
41743 


253.4 
201.0 
159.4 
126.4 


1338 

1061 
841.5 
667.4 


5 
6 
7 
8 


.182 
.162 
.144 
.129 


33102 
26251 
20817 
16510 


100.2 
79.5 
63.0 
50.0 


529.2 
419.7 
332.8 
264.0 


9 
10 
11 
12 


.114 
.102 
.091 
.081 


13094 

10382 

8234 

6530 


39.7 
31.4 
24.9 
19.8 


209.4 
166.0 
131.7 
104.4 


13 
14 
15 
16 


.072 
.064 
.057 
.051 


5178 
4107 
3257 
2583 


15.7 
12.4 
9.86 

7.82 


82.8 
65.7 
52.07 
41.29 


17 
18 
19 
20 


.045 
.040 
.036 
.032 


2048 
1624 
1288 
1021 


6.20 
4.92 
3.90 
3.09 


32.75 
25.97 
20.59 
16.33 


21 
22 
23 
24 


.029 
.025 
.023 
.020 


810.1 
642.5 
509.5 
404.0 


2.45 
1.95 
1.54 
1.22 


12.95 

10.27 

8.15 

6.46 


25 I 
26 / 


,01S 
.016 


320.4 
254.1 


\ -It \ '^-'^^ 
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Breaking Strength of 

Copper and Aluminum Wire and Cable 

Ultimate strength of Annealed Copper taken at 34,000 pounds per 
square inch. 

Ultimate strength of Hard Drawn Copper taken at 60,000 x>ounds per 
square inch, except: 50.000 pounds for Nos. OOOO, 000 and 00; 55,000 pounds 
for No. 0; 57,000 pounds for No. 1. 

Ultimate strength of Aluminum taken at 26,000 pounds per square inch. 

Table gives actual breaking strains, to which a suitable ss^ety factor 
must be applied to secure proper working strengths. 



Wire 


Area, 

Circular 

Mils 


Breaking Strain, Pounds 


No.. 

B. &sr. 


Copper, 


Solid 


Aluminum 


Gauge 


Annealed 


Hard 
Drawn 


Solid 


Stranded 




1000000 
900000 
800000 
700000 
600000 

500000 
400000 
300000 
250000 

211600 
167805 
133079 
105592 

83695 
66373 
52634 
41743 

33102 
26251 
20817 
16510 

13094 
10382 

8234 

6530 1 

5178 
4107 1 






20420 
18380 
16340 
14300 
12250 

10210 
8170 
6130 
5110 

4320 
3430 
2720 
2150 

1710 

1355 

1075 

852 

657 
536 

426 
337 

267 

212 

167 

, 133 

\ ^ 


32280 








29050 








25820 








22590 








19370 








16140 








12910 








9680 








8070 


OOOO 

000 

00 



1 

2 
3 
4 

5 
6 

7 


5650 

4475 
3550 
2800 

2225 
1775 
1400 
1115 

885 
700 
550 
440 

350 
275 
220 
175 

135 
110 


8310 

6580 
5226 
4558 

3746 
3127 
2480 
1967 

1519 

1237 

980 

778 

617 
489 
388 
307 

244 
193 


6830 
5420 
4290 
3410 

2700 
2143 
1700 
1350 

1070 
850 


8 




9 




10 




11 




J2 / 




/■'/ 


\ . ■ :;. , 


J*.J__ 


\ 
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Comparison of Wire Gauges 

Dianieters in Inches for Various Gauge Systems 



Gauge 
No. 



0000 

000 

00 



1 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 



Brown 

& 
Sharpe, 

Ameri 
can 
Std. 



.460 
.409 
.364 
.324 

.289 
.257 
.229 
.204 

.181 
.162 
.144 
.128 

.114 
.101 
.090 
.080 

.071 
.064 
.057 
.050 

.045 
.040 
.035 
.031 

.028 
.025 
.022 
.020 



Whit- 
worth's, 

English 
Stan- 
dard 



.001 
.002 
.003 
.004 

.005 
.006 
.007 
.008 

.009 
.010 
.011 
.012 

.013 
.014 
.015 
.016 

.017 
.018 
.019 
.020 



English 
Imperial 
Legal 
Stan- 
dard 



.400 
.372 
.348 
.324 

.300 
.276 
.252 
.232 

.212 
.192 
.176 
.160 

.144 
.128 
.116 
.104 

.092 
.080 
.072 
.064 

.056 
.048 
.040 
.036 



Binning 
ham . 
or 
Stubbs' 



.454 
.425 
.380 
.340 

.300 
.284 
.259 
.238 

.220 
.203 
.180 
.165 

.148 
.134 
.120 
.109 

.095 
.083 
.072 
.065 

.058 
.049 
.042 
.035 



Birming- 
ham 
for 
Iron 

Sheets 



.312 
.281 
.250 
.234 

.218 
.203 
.187 
.171 

.156 
.140 
.125 
.112 

.100 
.087 
.075 
.062 

.056 
.050 
.043 
.037 



Lanca- 
shire 



.227 
.219 
.209 
.204 

.201 
.198 
.195 
.192 

.191 
.190 
.189 
.185 

.180 
.177 
.175 
.174 

.169 
.167 
.164 
.160 



Warring- 
ton 
or 
Rylands 



.406 
.375 
.343 
.326 

.300 
.274 
.250 
.229 

.209 
.191 
.174 
.159 

.146 
.133 
.117 
.100 

.090 
.079 
.069 
.062 

.053 
.047 
.041 
.036 



25 1 .017 
26 / . 015 
27 .014 
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Diameter and Weight of 

Standard Weatherproof Insulated 
Copper Wire and Cable 

Double Braid 







Solid 


Stranded 


Wire No 


Area, 

Circular 

Mils 










B. &S. 
Gauge 


Diameter, 
Inches 


Weight, 

Pounds per 

1000 Feet 


Diameter, 
Inches 


Weight. 

Pounds per 

1000 Feet 




1000000 
900000 
800000 
700000 

600000 
500000 
400000 
300000 

211600 






1.37 
1.31 
1.24 
1.18 

1.11 

1.03 

.94 

.85 

.71 


3456 








3127 








2799 








2471 








2093 








1765 








1436 








1083 


0000 


0.61 


723 


745 


000 


167805 


.56 


587 


.65 


604 


00 


133079 


.52 


467 


.60 


482 





105592 


.47 


377 


.56 


388 


1 


83695 


.41 


294 


.47 


303 


2 


66373 


.37 


239 


.42 


246 


3 


52634 


.35 


185 


.38 


190 


4 


41743 


.32 


151 


.35 


155 


V 


33102 j 


.30 


122 


.32 


126 


.7 


26251 \ 


.28 ' 


1 100 


\ .:iV 


\ V^ 
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Diameter and Weight of 

Standard Weatherproof Insulated 
Copper Wire and Cable 



Triple Braid 





Area, 

Circular 

Mils 


Solid 


Stranded 


Wire No., 
B. ftS. 
Gauge 


Diameter, 
Inches 


Weight, 

Pounds per 

1000 Feet 


Diameter, 

Inches 


Weight, 

Pounds per 

1000 Feet 




1000000 
900000 
800000 
700000 

600000 
500000 
400000 
300000 

211600 






1.45 
1.39 
1.33 
1.27 

1.19 

1.11 

1.02 

.93 

.79 


3674 








3332 








2992 








2650 








2235 




, 




1894 








1553 








1174 


0000 


0.66 


767 


800 


000 


167805 


.60 


629 


.73 


653 


00 


133079 


.55 


502 


.66 


522 





105592 


.51 


407 

• 


.61 


424 


1 


83695 


.45 


316 


.52 


328 


2 


66373 


.40 


260 


.44 


270 


3 


52634 


.37 


208 


.41 


219 


4 


41743 


.35 


164 


.38 


170 


^ / 


33102 


.32 


i \^ 


y .^S 


\ \^fe 


V 


26251 


.30 


\ Ul 


\ .^^ 


\ V& 
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Diameter and Weight of 

Rubber Insulated Copper 
Wire and Cable 



National Electric Code Standard. 
Double Braid 



to 600 Volts 



Wire No., 
B. &S. 
Gauge 



0000 

000 

00 



1 

2 
3 

4 

5 
6 
7 
8 



Area, 

Circular 

Mils 




1000000 
900000 
800000 
700000 

600000 
500000 
400000 
300000 

211600 
167805 
133079 
105592 

83695 
66373 
52634 
41743 

33102 
26251 
20817 
16510 

13094 

10382 

8234 

• 6530 

5178 
4107 



Solid 



Diameter, 
Inches 



0.70 
.65 
.61 

.57 

.53 
.45 
.42 
.39 

.36 
.34 
.30 
.27 

.26 

.25 
.24 
.23 

.22 
.21 



Weight, 

Pounds per 

1000 Feet 



793 
646 
528 
439 

363 
276 
228 
190 

154 
130 
105 

82.1 

68.4 
58.1 
50.0 
43.1 

38.5 
33.0 



Stranded 



Diameter, 
Inches 



1.46 
1.40 
1.33 
1.27 

1.19 

1.09 

1.00 

.90 

.77 
.71 
.66 
.61 

.57 
.50 
.45 
.42 

.40 
.36 
.32 
.29 

.27 
.26 
.25 
.24 



Weight, 

Pounds per 

1000 Feet 



3553 
3223 
2891 
2557 

2220 
1842 
1514 
1173 

833 
675 
556 
457 

377 
293 
238 
198 

166 
136 
108 
85.5 

70.0 
60.6 
52.3 
44.9 
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Diameter and Weight of 

Rubber Insulated Copper 
Wire and Cable 





National Electric Code Standard. to 600 Volts 








Triple Braid 








Area, 

Circular 

Mils 


Solid 


Stranded 


Wire 
No.. 

B.ftS. 

Gauge 


Diameter, 
Inches 


Weight, 

Pounds 

per 

1000 Feet 


Diameter, 
Inches 


Weight, 

Pounds 

per 

1000 Feet 




1000000 
900000 
800000 
700000 

600000 
500000 
400000 
300000 

211600 






1.54 
1.48 
1.42 
1.35 

1.28 

1.17 

1.09 

.99 

.85 


3637 








3304 








2968 








2631 








2290 








1906 








1573 








1226 


0000 


0.78 


835 


879 


000 


167805 


.73 


685 


.79 


719 


00 


133079 


.69 


564 


.74 


595 





105592 


.65 


474 


.70 


494 


1 


83695 


.61 


395 


.66 


412 


2 


66373 


.51 


297 


.59 


324 


3 


52634 


.48 


247 


.52 


260 


4 


41743 


.46 


208 


.49 


218 


5 ^ 


33102 


.41 


i 161 


I .^^ 


\ vy^ 


7 


26251 


.39 \ U2 


\-^^ 


\ Via 
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Allowable Current-Carrying 

Copper Wires 



of 



For Inside Wiring of Buildings 



National Board of Fire Underwriters* Rules 



Wire No., 


Area, 

Circular 

Mils 


Resistance, 
Ohms per 
1000 Feet 


Amperes 


B. & S. 
Gauge 


Rubber 
Covered 


Other 
Insulation 




2000000 
1800000 


.00524 

. 00582 


1050 
970 


1670 
1550 




1600000 
1400000 
1200000 
1000000 


. 00655 
.0075 
. 00875 
.0105 


890 
810 
730 
650 


1430 
1290 
1150 
1000 




800000 
600000 
400000 
200000 


.013 
.018 
.026 
.052 


550 
450 
330 
200 


840 
680 
500 
300 


OOOO 
000 
00 



211600 
167800 
133100 
105500 


.049 
.063 
.079 
.100 


210 
177 
150 
127 


312 
262 
220 
185 


1 

2 
3 
4 


83690 
66370 
52630 
41740 


.126 
.158 
.200 
.252 


107 
90 
76 
65 


156 

131 

110 

92 


5 

6 

8 

10 


33100 
26250 
16510 
10380 


.316 
.400 
.685 
1.05 


54 
46 
33 
24 


77 
65 
46 
32 


'^/ 


6530 
4107 / 


1.6 
2.56 




y 11 
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Fusing Currents for Wires 



Of Various Materials 



Amperes of current required to fuse wires of lengths sufficient 
to render negligible the cooling action of the terminals. 



WV* ^T 


^n^* 






Material 






Wire No., 


Wire 














B. &S. 
Gauge 


Diam., 
Inches 


Copper 


German 
Silver 


Iron 


Lead 


Tin 


Lead 2, 
Tin 1 


10 


. 10189 


333 


169 


101 


44.8 


53.3 


43.0 


11 


.09074 


284 


146 


86.0 


38.2 


45.4 


36.6 


12 


.08080 


235 


120 


71.2 


31.6 


37.6 


30.3 


13 


.07196 


200 


102 


63.0 


26.9 


32.0 


25.8 


14 


.06408 


166 


85.2 


50.2 


22.3 


26.6 


21.4 


15 


.05707 


139 


71.2 


42.1 


18.7 


22.2 


17.9 


16 


.05082 


117 


60.0 


35.5 


15.7 


18.8 


15.1 


17 


.04526 


99.0 


50.4 


32.6 


13.3 


15.8 


12.8 


18 


.04030 


82.8 


42.5 


25.1 


11.1 


13.2 


10.7 


19 


.03589 


66.7 


34.2 


20.2 


8.96 


10.6 


8.60 


20 


.03196 


58.3 


29.9 


17.7 


7.84 


9.31 


7.50 


21 


.02846 


49.3 


25.3 


14.9 


6.63 


7.89 


6.35 


22 


.02535 


41.2 


21.1 


12.5 


5.53 


6.60 


5.32 


23 


.02257 


34.5 


17.7 


10.9 


4.44 


5.52 


4.45 


24 


.02010 


28.9 


14.8 


8.76 


3.89 


4.62 


3.72 


25 


.01790 


24.6 


12.6 


7.46 


3.31 


3.93 


3.17 


26 


.01594 


20.6 


10.6 


6.22 


2.77 


3.30 


2.66 


27 


.01419 


17.7 


9.10 


5.36 


2.38 


2.83 


2.28 


28 


.01264 


14.7 


7.50 


4.45 


1.98 


2.35 


1.90 


29 


.01126 


12.5 


6.41 


3.79 


1.68 


2.00 


1.61 


30 


.01002 


10.3 


5.26 


3.11 


1.38 


1.64 


1.32 


35 


.00561 


4.37 


2.24 


1.331 .S%^ 


I .1^\ 


V .Vb 


40 j 


. 003H 1 


1.86 


.95 


\ .SA .IV 


'^ a^ 


i. n.^ 
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Volts Lost with 
Various Copper Wire Combinations 



Sizes of Wires 



One No. 0000 and One No. 000 

00 

1 



M a 

a a 
a u 



u 
u 
u 



u 
u 
u 



u 
u 
u 



One No. OOOO and Two No. 000 

00 

1 



M « 

a u 
a u 



u 
u 
u 



u 
u 
u 



u 
u 
u 



One No. 000 and One No. 00 

U u u u u n 

u u u u u ^ 



One No. 000 and Two No. 00 


1 



u 
tt 



u 
u 



u u 
u u 



u 
u 



One No. 00 and One No. 

U U U U U 1 



One No. 00 and Two No. 



a u u u u u 



One No. Oand One No. 1 
OoffATo. Oand Two No. 1 



1 



Area, 

Circular 

Mils. 



r 

f 



379405 
344679 
317192 
295295 

547210 

477758 
422784 
378990 

300884 
273397 
251500 

433963 
378989 
335195 

238671 
216774 

344263 
300469 

189287 

272982 



Weight of 
Combina- 
tion, 
Pounds per 
1000 feet. 



Volts Lost 

per Ampere 

per 1000 

feet. 



1149 

1044 

960 

894 

1657 
1447 
1280 
1148 

911 

828 
762 

1314 
1147 
1015 

723 
656 

1042 
910 

573 



0.027 
.030 
.033 
.035 

.019 
.022 
.025 
.027 

.035 
.038 
.041 

.024 
.027 
.031 

.043 
.048 

.030 
.035 

.055 
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il Bonds 



PURPOSE — ^The purpose of a rail bond is to provide an elec- 
trical connection between rail ends, and thus cut down the power 
loss at rail joints in case the rail is used as a return for the elec- 
tric current. 

SELECTION — There are two major classes of bonds, namely 
the protected and the exposed. 

If the roadbed is well laid, as on a main haul, it is advisable 
to use the protected bond, placed under the joint plate. If, 
however , the road bed is not solid and if there is likely to be more 
or less shifting and movement of the rail ends, the exposed bond 
should be used, as it can be inspected more readily than a bond 
placed under the fish plate. 

A third class of bond, the semi-protected type, is really a com- 
bination of the two major classes. In this type, the body or 
central part of the bond is placed tmder the fish plate, while the 
terminals are located beyond the ends of the plate. This ar- 
rangement possesses some of the advantages of the protected 
bond and also permits ready inspection of the terminals. 

The use of a bond whose resistance is as low as that of the rail 
would necessitate an initial expense which would not be ofifset 
by a corresponding gain in power. A loss, therefore, is suffered 
at each rail joint. The allowable resistance of the bond varies 
from .0001 to .0004 ohms, depending on the general economics 
of the construction. 

Although no fixed rule can be prescribed for determining the 
proper size of bond to use, the following table gives the sizes 
generally found satisfactory: 

Rails 16 pounds and lighter bond 

« 20 to 30 pounds 00 " 

« 35 to 50 pounds 0000 " 

** 60 pounds and heavier 2—0000 " 

If protected or semi-protected botvds a-x^ \.o\)e. ^asfc^^*<^^'^ '^^^'^ 
must be determined with due coxvsidet^Woxs. o1 'Ocsfc ^^^"^^ 
space under the joint plate so as to pievexvt VvcveCvw^^^ S}cs&^ 
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Rail Bonds— Continued 

Exposed bonds should be 10 inches longer than the fish plate. 
Cross bonds should be 1 2 inches longer than the width of the 
track gauge. Use of bonds too short usually results in breakage 
due to crystallization. 

INSTALLATION— A bond is no better than the joint it 
makes with the rail. In order to assure a good electrical con- 
tact, the hole in the rail should be the exact size of the bond 
terminal ; and the bond should be applied immediately after the 
hole is drilled. If this is impracticable, all rust, dirt or moisture 
should be cleaned out of the hole before applying the bond. 

Both rails should be bonded. Cross bonds should be applied 
every 100 or 150 feet. 

Particular attention should be given to bonding around 
switches and frogs. 

If the terminal is welded to the rail, care should be taken to 
avoid any oxidizing flame which takes the life out of the material. 

The pressure applied to compressed terminals should be 
sufficient to cause the metal actually to flow and thus become 
forced into good contact with the rail. 

MAINTENANCE— The rail bonding should be inspected at 
regular intervals, loose terminals tightened and broken bonds 
replaced. 

Feeling for hot rail joints or shaking the bond to see if it is 
loose is a guess work method of testing bonds. A bond may be 
tight and still make a poor contact with the rail, due to a film of 
oil or some foreign matter being lodged between the terminal 
and the rail. 

The proper method of testing bonds is to use a bond testing 

meter. This bond tester gives the resistance of the rail joint 

and bond in terms of length of rail. If it is established that a 

properly installed bond should be equivalent to 4 feet of rail, 

^)) bonds which test out to have a resistance greater than this 

amount should be given attention. With t\ve u"s^ ol ^ botvd 

^ster, a large number of bonds can be tested acc\\ta\^\v m ^ 

'Aort time. 
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Volts Drop in Bonded Track 

Volts Lost per Ampere per 1000 Feet of Single Track 

(Ohms per 1000 Feet) 

Both Rails Bonded 

Resistance ratio of rail to copper, llj^ to 1. 



Rail 

Weight, 

Pounds 

I)cr Yard 



8 
12 
16 

20 
25 
30 

35 
40 
50 

60 
70 
80 
90 
100 



Fish 

Plate 

Length, 

Inches 



16K 

16H 

16H 

16H 

16H 
20 

24 

24 
34 
34 
34 
34 



Length 

of Exposed 

Bond, 

Inches 



26 
26 
26 

26 
26 
26 

26 
30 
36 

36 

44 
44 
44 
44 



Bond 

Size, 

Wire 

Gauge 







2/0 
2/0 
2/0 

4/0 
4/0 
4/0 

2-4/0 
2-4/0 
2-4/0 
2-4/0 
2-4/0 



Rail 

Lengths, 

Feet 



20 
20 
20 

20 
20 
20 

20 
30 
30 

30 

30 
30 
30 
30 



Volts Loss 

per Ampere 

per 1000 

Feet 



0.0587 
.0409 
.0319 

.0256 
.0214 
.0184 

.0149 
.0119 
.0102 

.0085 
.0074 
.0067 
.0061 
.0056 
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Sizes of Wires 

For ContinuouB Current 



aW'k""^'"-''' 




"'f%\^ 
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s^ 




t^^ 


^ 

^N^^ 


_ 






44- 
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Example — What size wire should be used to 
amperes a, distance of 300 feet with 8 volts drop? 

SoJutioa — From intersection of horizontal Une Iot ft volts 
f^^' "''I'' diagoiml for 300 feet distance, tiBj;e veitvcaW-^ M-&- 
I'rf.t ^" *°'^'^ntal Hue iar 160 amoeres. The ^nle'ree«,\onitSa_ 
'^•^^onal for 00 wire, which is the proper size W u^- ■ 
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Sizes of Wires 

For 220-VaIt, 3-Phue A. C. Circuits— 10% Drop 

This diagram does not pertain to the heating of wires. 

On ^ngle-phase circuit the wire must have twice the area 
given by the diagram. 

On 2-phase, 4-wire circuit the wire must be the same size as 
Ebown by the diagram. 

On 440-volt circuit the distance that a given horsepower can be 
carried with 10%loss will lje four times the value in the diagram; or 
the power can be made f otir times as large with the distance the same. 




Example — What size wire should be used to transmit 25 
horsepower at 220 volts, with 10% drop, on a 3-phaae 3-wire 
line 1000 feet long, with an 80% power factor? 

SoLOTiON— Starting at the upper left side at the point niatked. 

25 Horsepower, go horizontally \o Vcit S\a,%OT^ \TC.t "^"^'^^^s. 

SQ% Power Factor; thence veiticaXiv Ao-w^ Vq ■Ociii W. "^^^ 

iOOO Ft.; thence horizontaBy to the \efe, \.o %sv«^ <^'^ ^^"^^^^^ 

size of wire, namely, No. 1. 
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Formulas for 

Transmission Line Calculations 

These formulas, and the tables of Constants on the following 
page are based upon a spacing of 18 inches for the wires, and re* 
suits are sufficiently accurate for practical purposes with wires 
approximately that distance apart. Capacity has been neglected. 

ALTERNATING CURRENT: 

D xW xK 



Area of conductor, circular mils 



"Fxl 



s 



Current in each conductor, amperes - — ^- 

T . ,. ,4. P xExM 
Loss m lines, volts -» jOO 

Weight of Copper, pounds - p xE» xl^OCX&OQ 

Wherein: 

A = Constant (See table, next page). 

D = Distance of transmission, one way, in feet. 

E = Voltage between main conductors at receiving or con- 
sumer's end of circuit. 

K For any power factor =2160 divided by the square of that 
power factor, for single phase. 

=2160 divided by twice the square of that power factor, for 
2-phase, 4- wire and 3-phase, 3- wire. 

M = Constant (See table, next page). 

P =Loss in line, in percentage of power (W) delivered to con- 
simier. 

T "Constant (See table, next page). 

W = Total watts delivered to consumer. 

Power factors for balanced circuits — 

ey. . t- Actual watts delivered. 
Smgle phase: Volts x Amperes 

, . , Actual Watts, Total. 

2-pliase, 4-wire: 2 x Volts x Amperes (per phase) 

- , Actual Watts, Tota\. 

O'pnase, J-mre: ^ 73 y^^^ X Amperes (pet vVvase^ 

^JiniRBCT CURRENT: A -6.04, K -21«i, >«. -V^*^ -V, 
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ConstBntB for 

Transmission Line Calculations 



s 

t 


i' 


Values 
A 


Valaes of K 


Values of T 


per Cent Power Factor 


Per Cent Power Factor 


lOO 


95 


85 


80 


100 


95 


85 1 SO 


2 
3 


■4 
3 


6.04 

^11 


216(J 


400 
2oq 

200 


3000 
1500 
1500 


3380 
1690 
1690 


1 0(1 
.50 
.58 


1.05 

.53 
.61 


1,17 
.59 
.68 


1,25 
.62 
.72 








Values of M 


B.&S. 
Gauge 


25 Cycles 


60 Cycles 


Per Cent Power Factor 


Per Cent Power Factor 


« 


90 


S,l 


go 


95 


90 [ 85 


80 


0000 
000 


1.23 
1.18 


1.29 
1.22 


1.33 
1.24 


1.34 
1,24 


1,62 
1,49 


1,84 
1.66 


1-99 
1-77 


2.09 
1.95 


00 



1.14 
1.10 


1.16 
1.11 


1.16 
1. 10 


1,16 
1,09 


1,34 
1,31 


1.52 
1,40 


1,60 
1,46 


1,66 
1.49 


1 
2 


1,07 
1.05 


1.07 
1.04 


l.OS 
1.02 


1,03 
1,00 


1,24 
1,18 


1,30 

1.23 


1,34 
1,25 


1-36 
1-26 


3 
4 


1.03 
1.02 


1.02 
1,00 


1-00 
1.00 


1.00 
1.00 


1,14 
1,11 


1.17 
1.12 


\.n 


1.17 
1,10 


5 
6 


1.00 

1.00 


1,00 
1.00 


1.00 
1.00 


1,00 
1-00 


1,08 
1,05 


1.08 
1,04 


1.06 
1,02 


1-04 
1,00 


7 

8 


1.00 
1.00 


1.00 
1.00 


1.00 
1.00 


1,00 
1.00 


1.03 
1,02 


1.02 
1,00 


1,00 
1,00 


1-00 
1.00 


'"7 


1.00 1. 00 
l.OO 1. 00 


1.00 
1.00 


i.oo\\.«i\v-«\v^ 


^\^» 
^»\^ 



24 GOODMAN MINING HANDBOOK 



Current Required for Motors 

Amperes at Various Voltages 



Hone 

Pnwpr 


Efficiency* 
Percent 


Watta 
Input 


Amperes 


of 

Motor 


110 
Volte 


220 
Volts 


260 

Volta 


500 
Volta 


550 
Volts 


1 


65 


1148 


10.4 


5.2 


4.58 


2.29 


2.08 


2 


65 


2295 


20.8 


10.4 


9.16 


4.58 


4.16 


W2 


65 


2870 


26.0 


13.0 


11.45 


5.72 


5.21 


^2 


75 


3481 


31,6 


15.8 


13.9 


6.90 


6.32 


5 


75 


4973 


45.1 


22.6 


19.9 


9.95 


9.04 


7H 


80 


6994 


63.5 


31.7 


27.9 


13.95 


12.7 


10 


80 


9325 


84.6 


42.3 


37.2 


18.6 


16.9 


15 


85 


13165 


119.8 


59.9 


52.7 


26.4 


23.9 


20 


85 


17553 


159.6 


79.8 


70.2 


35.1 


31.9 


25 


90 


20770 


189.0 


94.5 


83.1 


41.6 


37.8 


30 


90 


24864 


225.8 


112.9 


99.4 


49.7 


45.2 


40 


90 


33232 


302.6 


151.3 


133.0 


66.5 


60.5 


50 


90 


41540 


378 


189.0 


166.2 


83.1 


75.6 


75 


90 


62310 


567 


283.5 


249.3 


124.8 


113.4 


100 


93 


80215 


729 


364.3 


320.5 


160.3 


145.7 


125 


93 


100269 


912 


456 


401 


200.5 


182.3 


150 


93 


120322 


1094 


547 


481 


240.7 


219 


200 / 


P4 j 


tS8510i 


1442 


721 


634 


317 


288 


/ 


1. 










\ 



^'fS^S^h^*''^.*^ ***en arbitrarily. A variation in tYieae i»atfcnUi^ V^ ^sakst 



wBttB and amperes. 
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and Horsepower 

0.746 Kilowatts = 1 Horsepower 



Kilowatts to Horsepower 




Horsepower 


to Kilowatts 


Kw. 


Horsepower 


Kw. 


Horsepower 


Hn. 


Kilowatts 


Hp. 


Kilowatts 


1 


1.341 


55 


73.733 


1 


;746 


55 


41.03 


2 


2.681 


60 


80.436 


2 


1.492 


60 


44.76 


3 


4.022 


65 


87.139 


3 


2.238 


65 


48.49 


4 


5.363 


70 


93.842 


4 


2.984 


70 


52.22 


5 


6.703 


75 


100.545 


5 


3.730 


75 


55.95 


6 


8.044 


80 


107.248 


6 


4.476 


80 


59.68 


7 


9.384 


85 


113.951 


7 


5.222 


85 


63.41 


8 


10.725 


90 


120.654 


8 


5.968 


90 


67.14 


9 


12.065 


95 


127.357 


9 


6.714 


95 


70.87 


10 


13.406 


100 


134.048 


10 


7.460 


100 


74.60 


11 


14.747 


110 


147.47 


11 


8.206 


110 


82.06 


12 


16.087 


120 


160.87 


12 


8.952 


120 


89.52 


13 


17.428 


130 


174.28 


13 


9.698 


130 


96.98 


14 


18.768 


140 


187.68 


14 


10.444 


140 


104. 44 


15 


20. 109 


150 


201.09 


15 


11.190 


150 


111.90 


16 


21.450 


160 


214.50 


16 


11.936 


160 


119.36 


17 


22.790 


170 


227.90 


17 


12.682 


170 


126.82 


18 


24.131 


180 


241.31 


18 


13.428 


180 


134.28 


19 


25.471 


190 


254.71 


19 


14.174 


190 


141.74 


20 


26.812 


200 


268.12 


20 


14.920 


200 


149.20 


22 


29.493 


220 


294.93 


22 


16.412 


220 


164. 12 


24 


32.174 


240 


321.74 


24 


17.904 


240 


179.04 


26 


34.856 


260 


348.56 


26 


19.396 


260 


193.96 


28 


37.537 


280 


375.37 


28 


20.888 


280 


208.88 


30 


40.218 


300 


402.18 


30 


22.380 


300 


223.80 


32 


42.899 


325 


435.69 


32 


23.872 


325 


242.45 


34 


45.580 


350 


469.21 


34 


25.364 


350 


261.1 


36 


48.261 


400 


536.24 


36 


26.856 


400 


298.4 


38 


50.943 


450 


603.27 


38 


28.348 


450 


335.7 


40 


53.624 


500 


670.30 


40 


29.840 


500 


373.0 


42 


56.305 


600 


804.36 


42 


31.332 


600 


447.6 


44 


58.986 


700 


938.42 


i 44 


. ^1.%^\ ^ 


^•\^^^ 


\^ vin..i. 


46 


61.667 1 


800 


1072. 4B 


i 46 


\ 3\.^\6 


Xv* 




48 


64.349 1 


900 


1206.54 


V ^« 


A ^^.%»^% 


\«)^ 




SO 


67.030 h 


tOGO 


1340.60 


V 


i\ ai.^^ 


5 w 
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Mechanical and Electrical Equivalents 



Unit 


Equivalent 


Unit 


Equivalent 




1 lb. water heated from 




1 watt-second. 




62° P. to 63° P. 




•000000278 kilowatt- 




.001036 lbs. water evapor- 




hours. 




ated from and at 2 12° P. 


1 joule 


.102 kilogram-meters. 


1 heat unit 


.0000688 lbs. carbon oxid- 
ized. 

1055 watt-seconds. 




.0009477 heat units. 


B. T. U. 




.7373 foot-pounds. 




107.6 kilogram-meters. 














.000393 hp.-hours. 








778 foot-pounds. 




.001 kilowatts. 




.252 calories. 




1 joule per second. 






1 watt 


.00134 horse power. 






.73 ft .-pounds per second. 




970 heat units. 




44.24 ft.-lbs. per minute. 




1019000 joules. 






1 lb. water 


751300 foot-pounds. 
.283 kilowatt-hours. 
^379 hp.-hours. 
103900 kilogram-meters. 






evaporated 
from and 
at 212" P. 


1 

kilogram- 
meter 


7.233 foot-pounds. 
.00000365 hp.-hours. 
.00000272 kilowatt-hours. 








.0093 heat units. 




.001285 heat units. 
1.356 joules. 












1 foot- 


.1383 kilogram-meters. 




1000 watts. 


pound 


.000000377 kilowatt- 




1.34 horse power. 




hours. 




2654200 ft.-lbs. per hour. 




.0000005 hp.-hours. 




44,240 ft.-lbs. per minute. 
737.3 ft.-lbs. per second. 
3412 heat units per hour. 




33000 ft. lbs. per minute. 


1 kilowatt 




550 ft.-lbs. per second. 




56.9 heat units per minute. 




2545 heat units per hour 




.948 heat units per second. 


Ihp. 


2 .64 lbs. water evaporated 
per hour from and at 
212° F. 

746 watts. 




3.53 lbs. water evaporated 
from and at 212° P. 










.746 kilowatts. 




1000 watt-hours. 
1.34 hp.-hours. 






2654200 ft.-lbs. 




1980000 foot-pounds. 




3600000 joules. 




2545 heat units. 


1 kilowatt - 


3412 heat imits. 


Ihp.- 
hour / 


2.64 lbs. water evaporated 


hour 


367000 kilogram-meters. 


from and at 212° P. 




3.53 lbs. water evaporated 


/' 


t7.0 lbs. water raised 




irom and at 212° P. 




from 62*" F. to 212" F. 


122.75 \bs. "w«A,eT t^\%^ 




i6 kilowatt-hours. 


\ iTomW°Y.\.o2Vr*^. 
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Metric and English 



1. To Convert Metric to English UniU 



Multiply 


By 


To Get 


Centimeters 


0.3937 


Inches 


Meters - 


3.2808 


Feet 


Meters 


1.09361 


Yards 


Kilometers 


0.62137 


Miles 


Sqtiare Centimeters 


0.1550 


Square Inches 


Square Meters 


10.7641 


Square Feet 


Sqtiare Kilometers 


0.38611 


Square Miles 


Sqtiare Kilometers 


247.114 


Acres 


Cubic Centimeters 


0.0610 


Cubic Inches 


Cubic Meters 


35.3140 


Cubic Feet 


Litres 


0.2642 


Gallons (American) 


Kilograms 


2.20462 


Poimds (Avoirdupois) 


Kilograms 


0.001102 


Tons (2000 Poimds) 



2. To Convert English to Metric UniU 



Multiply 


By 


To Get 


Inches 


2.5001 


Centimeters 


Feet 


0.3048 


Meters 


Yards 


0.9144 


Meters 


Miles 


1 . 60935 


Kilometers 


Square Inches 


6.4516 


Square Centimeters 


Square Feet 


0.0929 


Square Meters 


Square Miles 


2 . 58899 


Square Kilometers 


Acres 


0.004047 


Square Kilometers 


Cubic Inches 


16.3934 


Cubic Centimeters 


Cubic Feet 


0.02834 


Cubic Meters 


Gallons (American) 


3.785 


^\\x^^ 


Pounds (Avoirdupois) 


0.45^6 


VkSlo^^tos* 


Tons (2000 Poimds) 


905.79 


WLSkJOSff^ros* 
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Mine Haulage 

On level track the pulling force required to haul a load is 
that necessary to overcome the resistance due to track and 
equipment. In mine haulage these resistances vary in total 
between 1 percent and 2 percent of the train weight, the amount 
depending upon conditions of track, lubrication, etc. 

On up grades another factor must be considered; namely, 
grade resistance, which is equal to that component of the total 
train weight acting downward and along the track. This 
grade resistance varies with the grade and, for a given per- 
centage of grade, is equal to that same percentage of the train 
weight. 

The adhesion between the locomotive wheels and the rails, 
effective for development of drawbar pull is: 

Chilled cast iron wheels: 

Dry rail with sand 25% of weight on drivers 

Dry rail without sand 20% « 

Wet rail 5 to 15% « « « 

Steel tired wheels: 

Dry rail with sand 33% of weight on drivers 

Dry rail without sand. 25% « « « « 

Wet rail 5 to 15% « « 

The resistances which affect the hauling power of a locomotive 
are: 

1. Locomotive friction — ^gearing, bearing, flange, etc.: 

For a new locomo- 
tive 20 lb. per ton of locomotive weight 

For a locomotive 

worn into service. 10 to 15 « " « « « 

2. Train friction and 

track condition. . 20 to 40 lb. per ton of train weight. 

3. Grade 20 lb. per ton of locomotive and 

train weight for each 1 % of grade. 

Friction and track resistances oppose the locomotive at all 
times and reduce its hauling capacity on the level and on grades. 
Grade resistance opposes the locomotive in ascending grades 
and assists it in descending. Total resistances therefore are: 
Oa level and up grade, friction resistance plus grade resistance; 
forvn^rade, friction resistance minus grade resistarvee. "tt-ervce 
%S^ -11 ''^^^istance" be greater than iriction tesis^ATvc^e, We 
^// run down grade without power. TViat Vs, *\i itve^AQtv 
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resistance is 30 lbs. per ton, the train will stand at rest on a 
1 percent grade (20 lb. per ton grade resistance) and would run 
by gravity down a 2 percent grade (40 lb. per ton grade resist- 
ance). 

Tractive effort and drawbar pull are not equal. Tractive 
effort measures the power of the locomotive as exerted by the 
wheels on the rails; drawbar pull is less than tractive effort by 
the amount of the locomotive resistance due to both friction 
and grade. 

Drawbar Pull — ^To haul a given trainload on the level or 
up a grade: 

D = W (F+G) 
wherein, 

D = drawbar pull, in pounds. 
W = weight of train, in tons. 
F= resistance of train due to friction, in pounds per ton of 

train weight. 
Gs= resistance due to grade, 20 pounds for each 1 percent of 

grade. 

Example — ^Train weight, 60 tons; resistance due to friction, 
30 lb. per ton; grade 2 percent. Then 

D = 60 (30+40) 
= 4200 lb. 

Tractive Effort-^To haul a given trainload, including the 
locomotive itself, on the level or up a grade: 

T = D+L(f+G) 
wherein, 

•T — tractive effort, in poimds. 
D = drawbar pull, in pounds. 

L = weight of locomotive, in tons. * 

f = resistance of locomotive due to friction, in pounds per 

ton of weight. 
G= resistance due to grade, 20 pounds for each 1 percent of 

grade. 

Example — Drawbar pull, 4200 lb.; locomotive weight, 15 
tons; locomotive resistance due to friction, 15 lb. t^ex tQ»^\'^'5^.^^N 
2 percent. Then 

T = 4200-\-15(,\S^\^^ 
= 5025 lb. 
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Weight of Locomotive — ^To haul .a given trainload, on the 
level or up a grade: 

'^(20XA)— (f-fG) 
wherein, 

L= weight of locomotive, in tons. 

W= weight of train, in tons. 

F= resistance of train due to friction, in pounds per ton of 
train weight. 

f =» resistance of locomotive due to friction, in pounds per 
ton of locomotive weight. 

G= resistance due to grade 20 pounds for each 1 percent of 
grade. 

A = coefficient of track adhesion, in percentage of locomotive 
weight on drivers. 

Example — Train weight, 60 tons; train resistance due to 
friction, 30 lb. per ton; locomotive resistance due to friction, 
15 lb. per ton; grade, 2 percent; adhesion, 25 percent. Then 

30H-40 

^ ''"(20X25)— (15+40) 
=9.66, or a 10-ton locomotive. 

Horsepower — ^To develop a desired drawbar pull at given speed 

H = DXSh-375 
wherein, 

H= horsepower. 
D = drawbar pull, in pounds. 
S= speed, in miles per hour. 

Example — Drawbar pull, 4200 lb.; speed, 6 tniles per hour. 
Then 

H=4200X6■^375 
=67.2 horsepower 

On Heavy Grades 

As the percentage of grade increases, the hauhng capacity of 
a traction locomotive is seriously reduced, not only because of 
the increase of train resistance, but also because the effective 
drawbar pull of the locomotive is constantly reduced by the 
grade percentage of the weight of the locomotive itself. 

Consider a locomotive with chilled wheels, at 20 percent ad- 
hesion. On level track the drawbar puU would be 400 poimds 
ioer /5ao o/ weight in the locomotive. On a grade this drawbar 
^£//( would be reduced by th^ grade resistance iactA^t ot the loco- 
oiotive itself, or 20 pounds per ton oi locomotive -T^eV^X. lot 
-^?^/^^^^^^ of grade — a loss of 5 percent oi dtavAsot vvs^XS^iot 
^ ^ Percent of grade. On a 4 percent grade tYie \eveV\x^^ 
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drawbar pull of 400 pounds per ton of locomotive weight 
is reduced by 20 percent, or 80 pounds, leaving 320 pounds 
of effective pulling force for train hauling. On a 10 per- 
cent grade the effective drawbar pull is reduced SO percent, the 
remainder of the motive power being consumed in lifting the 
locomotive itself up the grade. 

Hence the 10-ton locomotive which will haul 90 tons of train 
weight on level track will haul only 40 tons up a 2 percent 
grade, 23 tons up a 4 percent grade, 15 tons up a 6 percent grade, 
10 tons up an 8 percent grade, and 6% tons up a 10 percent grade. 

This high rate of reduction of pulling force on grades is due 
largely to the lack of positive relation between the horsepower 
of the locomotive and the adhesion through which alone the 
motor power can be made effective in a traction locomotive. 
Where grades are encountered, tjierefore, a positive method of 
haulage is desirable, to make the motor horsepower fully avail- 
able for pulling train load, avoiding the difficulties of traction 
haulage on grades and eliminating the excess dead weight which, 
'n a traction locomotive, is necessary to give the required adhesion. 

The Goodman Rack Rail Haulage system is positive, afford- 
ing the desirable freedom from dependence on adhesion for 
pttUing power and enabling effective realization of full motor 
power at all times, under all conditions, on the level or on 
grades. This system combines all the positiveness of the rope 
haul with the flexibility, safety, convenience and other advan- 
tages of locomotive operation. Where roadways are generally 
level and grades only local, the Combination Rack Rail and 
Traction system meets exactly the needs of the situation. 

Operators whose mine haulage work involves grades should 
call upon the Goodman Manufacturing Co. for careful engineer- 
ing advice as to the haulage system best suited to the conditions 
— ^traction, combined traction and rack rail, or plain rack rail. 
Supplying equipment of all types, the Goodman company can 
and will apply an unbiased and experienced judgment to the 
requirements of each individual case. 

Types of Goodman Rack RaW l^comoMwe^ ^x^ '-^^a&^ssaiusJ^ 
on pages 198 and 199. 
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Steel Tires or Steel Wheels. Clean Dry Rails 

5^^,,^ Adhesion 25% of Locomotive Weight. 


? 

a 

1 

«4-l 
O 

1 
1 

1 

0) 

a 
■^ 

0) 

1 


O 
a 

S3 


* 

■4-> 

•a 

•0 

1 

§ 

U 

•c 
u 


§ 




cscscsco 


lO^-iooeO 


and the j 




o 






0\vO*0'-« 


§ 
1 

•r* 


lOtives — Running 


o 


CSVOOt*4 


CS rOPO ^ 


5»oS§ 


Xi 

■4-> 


0) 

cA 
u 

o 

A 

t3 


o 


^ ^ CM CN 


OOO <N Q 


^l^ lO so C30 


ja. 

'% 

(30 

•S 

d 

> 


o 
o 


^00 fOt^ 


CMt1< VOVO 
■ CO <*> fO ^ 


o 0\ oo ^ 
lO »OnO On 


^ CM CSCO 


t^ 0\ fO<N 


oo o\ t^ «o 

lOVOt^ O 


9 

o 

§ 

A) 


3 


•§ 

A 


5 


^ CS <N PO 




00 0\«^«0 


• 
• 


« 


o 




fOVO O^ <N 


OOO CM PO 
vO00On<N 


v 

1 


e 


o 






O»0ON0 
00 On '^ rt< 


(A 


acity of 


0) 

•d 
2 
O 

M 

I 


o 


CM <N to "^ 


,-mO 0\ tJ4 


O»0ON0 
OOOn ^ t1< 


to 


o 


CS«0"<*»0 


so ^Ot^ On 


ONt^«0 o 

On »-i ro OO 

*-4 ^-1 *-4 


CO 

0) 

•3 
1. 

■h 


§ 


o 


»OVOOOO\ 


^ vO CM vO 

00 OO OS '^ 


t^ O <N O 
^-< «-i «-l CM 


ling 


.o 


«OvpoOOv 


OOOOOn *-t 

«-4 


t^ O CM O 
CM iOt^ PO 


o.«d 
CO d 


Hau 


o 


t^ rO OO "<* 


<N 00»O NO 
«-4 <^ cs to 

«-4 «— 1 «-4 «^ 


fO T^ lO PO 

t^ ,-( f/) ,_! 

^ es CMPO 


6 

o o* 
•;3 0) 




o 


t^ OS <N -^ 


ooQ es Q 
^-< <-i *-i r^ 


O »-< ^O OO 
es POPO ^ 


fa*' 




< 
9AI 


sue 
)oai 


X 
ooo* 


1 


rO'^u^vO 







34 



GOODMAN MINING HANDBOOK 



> 

o 

B 

o 

u 

o 

c 



o 
>^ 

*s 

Id 
a 

6 

C 



be 

c 

CO g 



3 
10 

X 



1 

« 

§ 

1 



e 
8 



i 

5 



•M 



;S S 





V 




1 




14 

O 




S5 




^ 




0, 







<<"^ 




a) 


Q> 


> 


•2 


• *4 


(< 


4^ 



a 


(S 


o 
u 


^ 


^ 


a 




P 


♦» 




«M 









0) 




> 








3 


t> 


{^ 


-s 


V 


u 


s.^ 


o 


•M 




•a 


^ 


• «4 


«N 


4) 




^ 


a 


a 




d 




ii 




H 




4^ 




V 




2; 






« 


•« 


•o 





6 


o 




h 


^ 




«4 




A 




P 




J4 




u 




4 




v< 




h 




^^ 




«> 




> 




JS 






a 
o 

H 
p. 

« 

o 

3 
O 

a< 
o 

4* 

u 

•c 

u 



Z_l 



s 



o 
to 



o 



o 



o 



o 



O 



o 
«o 



o 



O 
*o 



o 



o 



o 
«o 



o 



9UOX 
9Af^OUXOOO*J 



0«*>v0 0v 












»ot^oo >o 






pq>OOTt< 
^M *-i cs cs 






CSVOOTt< 



OOQCSQ 



^»oo§ 



^ ^M cs r^ 



CO fO fO ^ 



S 






vO*-tvO<N t^ONfOr^ OOO^t^tO 
'-J es es CO coccd<»o tovOt^O 



'-•CSCSCO 



*^ 0\C9<N 






*-• esco CO 



rr ^ TT so 



SS^"^ 



O^CS 



C<IONt^^ «-iiOO^rJ< 0»00v0 

c<ir^co"^ ioio»ot>. ooo\'-i^ 









On ^ ^ 



CSCO-^iO 



300 *-i Q Qn«^«OQ 
vOt^^ O\'-«cO00 



^ 



s 

* 

o 
o 

♦» 

I 

«^ 

.d 






I 

o 

§ 



« 



.a 

2 



u 

I 



u 

•a 



»OvpoO 0\ 



oooOO\'-t r^»0<>»fO 



»OvpoOOv *-t vo cs vO t^QCNQ 
CO"^»OVO OOOOON'-' CS»0<>»fO 



t^PO0OrJ< CSOO«OVO CO ^ »0 CO 

^V0t>»0\ *-i *-i CM »0 t>» ^-1 CO *-• 

^-1 ^-1 *-i ^M ^-J CS CS CO 



t-* O^ CM «^ vOOOOn^ >o «-• 05 
^-1 rH «iH «-i ,-1 (>4 CS CO CO 



(<0^tON0 t^t^OOO ^^t»i«^0 



GOODMAN MINING HANDBOOK 



35 



t 



o 

1 

1- 

9) 

z 

o 


•o 
2 
o 

13 


1 

u 

H 

o 

0. 

OS 

•O 

i 

o 

■4-> 

o 

C 

u 


§ 




>O00O^fO 
*-i *-j *-i cs 


cs PO <*5 ^ 


o 


00^-j CO vO 
*-i «-i ^M 


OOO'-tvO 

^cscscs 


CSPO ^»0 


o 


On CN»O00 
^-< <-i <-i 


*-i ro ^ Q 
<N CN CS CO 


PO 0\»0Q 
POPO"<*0 


a 



o 


ONCN»O00 
»-• *-i ^-* 


«-i ro '^ O 
<S <S es ro 


POONiOQ 
POPO"<*0 


o 


<-l <-l *-l CS 


CN CN CS ro 


00»O <S OS 

P*> T^llO vO 


o 


CNvOOt1< 
^ *-t <N CS 


OOOCNQ 


Tt<CSQON 


9i 

a 


o 


cs>00'^ 

'-^ »-H CN cs 


OOQCSp 

cscoron' 


"^CNQOn 


o 


'-H ^ CS CS 


PO»OOOt^ 


»0>Ot^ON 


o 


I'* C) 00 ^ 


OOPO»Ot^ 


CS rt<»0 PO 
vOt^OO ^ 


1 

a 


S 


t^ PO OO T*< 

^CSCNPO 


00P0»O<^ 


CS t1< lO PO 
vOt^ 00 '^ 


o 


CSCSCO"«5*4 


g^PO^OO 


t^ ^ lO Q 

t^ Ov O ^ 


o 


CSrO"^uS 


PO OO <SQ 


Ost^iOQ 

On ^ POOO 




O 


CSCO"<*»0 


POOOCS o 


0\ t>-. »0 Q 

ON*-! PO 00 

*-l »-l ^M 


o 
*»> 

o 


t>.ON^M rj4 
rOrt4vOt^ 


vOPOOvPO 
00 On OS <N 


vOQ»Ovp 
^-< ^-< *-• CS 




PO PO <NO 
POrjiiO^ 


Or*4 00 00 



M 
*» 

•d 
a 

d 

o 
o 

(J 

U 

V 
Xi 



a 

> 



O 

a 

cA 
0) 



U 
•M 

u 

■4-> 
M 

• »< 
M 
0) 

a 



0) 

u 

a 

■M 
M 

• •4 

M 
0) 

(4 

•a 

I- 

O *^ 

9^ 
^ Co 

si 

c a 
o o* 
■;3» 

U d) 



snox 
aAf^oiuoocKX 



tO-T^ttO 



^ 



>0 ^t^«iO^ Ck^^*^ 



' Si* 



36 GOODMAN MINING HANDBOOK 



Storage Battery Haulage 

The ability of the Storage Battery Locomotive to operate 
over ordinary track, without trolley wiring or rail bonding, 
makes it very attractive for haulage work. In some mines 
storage battery locomotives have proved very successful, while 
in others presenting apparently similar conditions, they do not 
do so well. The dmerence in results is usually due to the dif- 
ference in the handling and care which the locomotives and 
batteries receive. 

The storage battery today is well known, and is a dependable 
device when properly selected for the work to be done, and 
properly handled. The care required to maintain it is not dif- 
ficult, but happens to be of a cfifferent kind from that needed 
with other mine machinery with which men have long been 
familiar. With the designing of batteries better adapted for 
locomotive work, as brought on the market in recent years, and 
with the improvement in design of storage battery locomotives, 
the legitimate field of application of the battery locomotive 
has widened. 

The developmental period has brought out several tjrpes of 
battery locomotives, which may be classed as follows: 

Class A: Operated by storage battery only and which usu- 
ally carry sufficient charge to last one working shift. Under 
conditions of excessive demand, boosting charges during the 
noon hour or other idle periods enable the locomotive to con- 
tinue work during the full shift. 

Class B: Operated by either battery or trolley. 

Class C: Operated by battery or trolley as in Class B, bu^ 
having in addition a charging rheostat and the necessary control 
apparatus on the locomotive to charge the battery white the 
motors are taking power from the trolley or while the trolley 
is on the wire. 

Storage battery locomotives can be divided again into two 
groups, according to the method of their motoring: 

Group 1 : Single motor. Equipped with a low voltage motor 
to match conveniently the battery voltage. The scope of opera- 
tion is limited by the capacity of the battery, as they cannot 
operate from the trolley. The speed is usually between three 
and four miles per hour at full running drawbar pull. 

Group 2: Two motor. Equipped either with two low volt- 
age motors, which are connected in series when operating from 
the trolley and in multiple when operating from the battery, 
o^witb two regular 250'Volt railway motors, opetaAAn^VxvtGMltl^le 
e/t/iGr from battery or trolley. The windings ot ^^€\^tv^ \3a. 
^/oe cases are modiGed to take care oi the Vo^wet vo\\A?.e ol >i:Mi 
^tery. With the latter plan the speed is usuaXlv coti^^^^NiVj 
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Storage Battery Haulage— Continued 

lower when operating on the battery than when running on the 
trolley, at the same drawbar pull. 

Up to the present time the greatest application of storage 
battery locomotives has been for gathering m rooms and making 
comparatively short entry runs to convenient partings. Second 
in importance is entry gathering work, where the locomotives 
collect cars into trips on the entries and haul them to convenL 
ent partings at comparatively short distances. 

A third application is for small main haulage work where the 
haulage is restricted either (a) by the total tonnage require- 
ments, (b) by short grades, (c) by easy favorable grades, or (d) 
by short runs, so that the capacity of the work comes within the 
practical constructive limits of storage battery locomotives. 

A fourth application uses the combination battery and trolley 
locomotive operating as a trolley locomotive on the longer runs 
or under the more difl&cult conditions. This is by far the largest 
field of application. 

To meet the varying conditions to the best advantage, the 
Goodman Manufacturmg Co. has developed the Articulated 
Storage Battery Locomotive, the motors of which are especially 
designed for the service and have split field control. 

In gathering work the locomotive starts frequently and 
efficient contrd is necessary. The split fields reduce the rheo- 
static losses. The articulated construction permits the use of 
a battery as large as may be desired, yet without reducing the 
flexibility of the locomotive or detracting from its maneuvering 
ability. Thus the locomotive can have the greatest possible 
range, as a storage battery locomotive of Class A. 

Where the hauls are longer or the duty more severe so that 
it be<x)mes advisable to use trolley part of the time, the articu- 
lated locomotive is better adapted for combination work than 
other designs because its motors can be operated in series from 
the trolley. And by reason of the long motor wheelbase between 
the two trucks, the tractive ability of the locomotive is not 
reduced appreciably when the motors are operating in series. 
In the ordinary four-wheeled constructions with two motors it 
is practically impossible to obtain the maximum tractive effort 
with the motors connected in series by reason of the fact that 
one pair of drivers may slip more than the other. 

Control of the Articulated locomotive is so arranged tha.t. -a. 
change from trolley to battery, or vice vet^a^, \^ >Cas.<:ML'5£c^>ss^«t- 
locking mechanism, making mistakes \iiipass^\'&. 

The speed of the locomotive when ViauVm?. \\."& ^^^^i,^ 
difference between battery and tro\iey opewXVycL XJoasv \s» ^ 
with other forms of control. 
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Storage Battery Haulage— Continued 



Inasmuch as a large proportion of tbe weight in a storage 
battery locomotive is in the battery, the selection of a proper 
storage battery locomotive for a given service should be based 
primarily upon battery capacity and drawbar pull, rather than 
upon weight. 

Storage batteries on locomotives are called upon to discharge, 
intermittently, currents in excess of the normal discharge rate. 
There is a decrease of efficiency as the discharge rate increases 
above normal, and consequently a decrease of the total Idlowatt- 
hour capacity below what can be realized at normal rate of 
discharge. 

Storage batteries have certain recuperative characteristics 
when allowed periods of rest or of low discharge rate between 
the periods of higher intermittent discharge rates, but in mining 
practice it is uncertain that the service can be planned to give 
these rest periods. 

The less the maximiun discharge rate exceeds the normal dis- 
charge rate, the longer will be the life of the battery. Safe and 
conservative locomotive practice dictates that the battery 
selected should be such that the maximum current called for by 
the motors will be a small multiple of the normal discharge rate. 

Selection of a storage battery involves consideration of three 
factors and the striking of a proper balance among the three; 

a. Maximum intermittent discharge rate. 

b. Kilowatt-hours capacity. 

c. Weight, bulk and cost of battery. 

Storage Battery Data 

Edison Batteries 

Edison batteries should be charged at a constant rate through- 



4 



out the entire period of charging. 








Size 


•SS" 


Weight 




" D™-* 




™ 


Rstelor'l" 


ja 


Pounds 


Hants 


H^% 


charging. 


rr. 


Amperes ' 


A- 8 


0.360 


79 ,S 


7 


S 


60 


300 


300 


A-IO 


.450 


36.2 


7 


5 


75 


375 


350 


A-JJ/ _S40 


44.8 


7 


5 


90 


450 


400 


G^ 0/ .270 I 22 1 4H 




61 H 


ns \ lil 


3H 


81H \ r\^ \ w^ 


£:i£/__ 


■f20 36 t 4?4 


3m\ us \ 4Sti\ WS 
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Storage Battery Data-<:oiittniMd 

Lead Batteries 

Lead batteries should be charged at a dtmtntshing rate, either 
(1) at a constant voltage of 2.3 volts per cell, in which case the 
rate will automatically diminish as the charging proceeds, or (2) 
by using the starting rate given below until the cells begin to 
gas, and then reducing to the finishing rate given below and con- 
tinuing at this rate until charging is complied. 



Number 

of 
Plates 



Elilowatt- 
Hours 



per 
CeU 



Weight per 
CeU, Includ- 
ing Trays, 
Pounds 



Normal Charging 
Rate. Amperes 



Start 



Finish 



Normal 

Discharge, 

Ami)ere- 

Hours 



MVY Iron Clad Exide 



11 


0.315 


44 


30 


12 


35 


13 


•.378 


51 


35 


14 


42 


15 


.441 


58 


40 


16 


49 


17 


.504 


65 


45 


18 


56 


19 


.567 


72 


51 


20 


63 


21 


.630 


78 


56 


22 


70 


23 


.693 


86 


61 


24 


77 


25 


.756 


93 


66 


26 


84 



MVY Exide 



11 


0.2976 


43.8 


30 


12 


35 


13 


.357 


50.8 


35 


14 


42 


15 


.4166 


58 


40 


16 


49 


17 


.476 


65.5 


45 


18 


56 


19 


.5356 


72 


51 


20 


63 


21 


.595 


78.5 


56 


22 


70 


23 


.6546 


86.3 


61 


24 


77 


25 


.714 


92.9 


66 


26 


84 



Philadelphia 




34.2 
40 
45.5 
51.7 




28 


7 


34 


9 


40 


10 


45 


12 


51 


14 


56 


15 


62 


17 


68 


v^ 




30 
36 
42 
48 

54 
60 
66 
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Percentage and Degrees of Grade 



Ratio of Rise (A) to travel along 
the grade (B). 

Ratio of rise (A) to horizontal 
projection (C) of travel along the 






( 


c 




grade. 


> — * — 




o 








Angular 


Equivalent 


* 




Grade 
Per 


Ratio of A to B ^ 


Ratio of A to C 


Cent 


Degrees 


Minutes 


Seconds 


Degrees 


Minutes 


Seconds 


. 


o 


/ 


» 


o 


/ 


» 


1 





34 


22.8 





34 


22.8 


2 


1 


8 


45.5 


1 


8 


45.5 


3 


1 


43 


8.3 


1 


43 


6.2 


4 


2 


17 


33.1 


2 


17 


26.9 


5 


2 


51 


58.0 


2 


51 


45.5 


6 


3 


26 


22.8 


3 


26 


2.0 


7 


4 





49.6 


4 





14.5 


8 


4 


35 


18.6 


4 


34 


26.0 


9 


5 


9 


49.6 


5 


8 


34.0 


10 


5 


44 


20.7 


5 


42 


38.0 


12 


6 


53 


31.1 


6 


50 


34.0 


14 


8 


2 


51.8 


7 


58 


10.3 


16 


9 


12 


24.8 


9 


5 


24.8 


18 


10 


22 


10.7 


10 


12 


14.0 


20 


11 


32 


12.9 


11 


18 


36.0 


22 


12 


42 


32.2 


12 


24 


27.1 


24 


13 


53 


10.7 


13 


29 


44.5 


26 


15 


4 


12.8 


14 


34 


27.1 


28 


16 


15 


36.4 


■ 15 


38 


31.9 


30 


17 


27 


27.8 


16 


41 


58.0 


35 


20 


29 


15.0 


19 


17 


23.6 


40 


23 


34 


41.5 


21 


48 


5.3 


45 


26 


44 


36.9 


24 


13 


39.4 


50 


30 





0.0 


26 


33 


53.4 


55 


ZZ 


22 


2.4 


28 


48 


39.5 


60 


36 


52 


12.5 


30 


57 


49.5 


65 


40 


32 


30.0 


33 


1 


25.7 


70 


44 


25 


37.2 


34 


59 


31.4 


7S 
SO 1 

PO ; 

1 yr^^ • 


48 ] 


35 


25.3 


36 


52 


11.7 


53 


7 


49.4 


3& 


\ ^^ 


. 35.0 


64 


9 


27.7 


1 41 


\ ^^ 


\ \'i.% 


200 


/ 


90 1 


\ 


0.0 


1 « 


\ ^ 


\ ^.^ 
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Rail Weights to Use 

For Locomotives with Four or Six Wheels 



Weight of 
Locomo- 




Weight of Rail. 


Pounds per Yard 


Four- Wheel Locomotive 


Six- Wheel Locomotive 


tive, 
Tons 


Minimum 


Recommended 


■Minimum 


Recommended 


3 


16 

16 

16 

20 

20 

25 . 

30 


20 
25 
25 
30 
30 
30 
40 






4 






5 






6 






7 






8 






10 


20 


30 


12 


30 


45 


20 


30 


13 


* 30 


50 


25 


40 


15 


40 


50 


30 


40 


20 


50 


60 


40 


50 


25 


60 


70 


50 


60 


30 


75 


80 


60 


70 



The table is based approximately upon the allowance of 10 
pounds of rail weight per yard, per ton of locomotive weight on 
each driving wheel, for minimum rail section. For example, the 
minimum rail weight for a 10- ton 4- wheel locomotive is 

10X10-5-4 = 25 pounds per yard 

The table values are approximate oivVj ^ ^^ 'Oaa -s^tq^^^-^ '^o.^ ^-5. 
weight of rail must be determined WOcv ^m^ css^^\^^'t-aiCSRKs. -^i^ssi 
of the nature of the roadbed, t\ie ^pacm^ o1 \>c\&'Ov^>'<^^ ^^8?^^^ 
construction and the horsepoN<7eT ol \>^e Ta.o\.ot^. 
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Elevation of Outer Rail at Curves 

For 36-Inch Track Gauge 



DoflitiQ 


Speed, Miles per Hour 


of 


4 1 5 


6 1 


8 1 10 1 12 1 15 1 20 1 30 


Curve, 
Feet 




Elevation of Outer Rail, Inches 


8 


4.81 
3.85 

3.22 
2.75 
2.40 
2.14 

1.92 

1.54 
1.30 
1.10 

.960 
.853 
.771 
.644 

.479 
.385 


7.48 
5.99 

4.99 
4.28 
3.75 
3.33 

2.99 
2.39 
2.00 
1.71 

1.51 
1.33 
1.19 
.993 

.751 
.598 
.399 
.300 
















10 


8.54 

7.11 
6.09 
5.31 
4.75 

4.27 
3.42 
2.84 
2.43 

2.13 
1.90 
1.71 
1.42 

1.06 
.854 
.568 
.427 

.284 














12 


12.74 

10.96 

9.49 

8.47 

7.70 
6.13 
5.10 
4.38 

3.84 
3.40 
3.06 
2.56 

1.93 
1.53 
1.03 
.765 

.511 
.384 












14 












16 


14.07 
13.34 

12.00 
9.59 
8.00 
6.86 

6.00 
5.32 
4.80 
4.00 

3.00 
2.40 
1.60 
1.21 

.800 
.600 
.480 










18 










20 










25 


13.80 

11.46 

9.85 

8.61 
7.64 
6.89 

5.75 

4.32 
3.44 
2.30 
1.72 

1.15 
.860 
.687 








30 








35 








40 


13.50 

11.95 

10.75 

9.00 

6.75 
5.39 
3.60 
2.70 

1.80 
1.35 
1.08 
.269 






45 






50 






60 






80 
100 
150 
200 

300 


11.95 
9.55 
6.37 
4.78 

3.18 
2.39 
1.91 
.478 


iiiio 

10.75 
7.20 


400 






5.38 


500 








4.31 


1000 










1.08 



















The above values are for 36-inch gauge. 

For any other gauge, multiply the value in the table by that 
gauge and divide by 36. 

Example. — How much higher should the outer rail be on a 
42-mcb gauge track if the radius of the curve is 45 ft. and the 
locomotive is to round the curve at 8 miles pec YioMt'^ 

Solution. — The table gives the elevation 3.\Q *m. iot 'Jj^-mOa. 
^Sf^' - ^ence for 42-mch gauge the elevation sVio\3\^V>fe VI t. ^ .'Sa 
r-^o^j^gy^ Qj, ^ inches. 
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Minimum Radius of Curve 




For Operation of Locomo- 
tives with Given Wheel 
Sizes and Wheel Bases 

Assuming that the gauge (G) 
is increased the proper amount 
at curves, usually about one inch. 



Wheel 

Base, 

Inches, 

B 



20J^ 

24 

24Ji 

27M 

30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
50 

52 
54 
56 
58 
60 

62 
64 
66 
68 
70 



18 



8 
8 
8 
9 
9 

10 
11 
11 
12 
13 

14 
14 
15 
16 
16 

17 
17 
18 
19 
19 

20 
20 
2\ 
22 
22 



Diameter of Wheel, Inches — D 



20 



24 



30 



ZZ 



Minimum Radius of Curve, Feet — R 



8 

8 

9 

10 

11 

12 
12 
13 
13 
14 

15 
16 
17 
18 
18 

19 
19 
20 
20 
21 

21 
22 
22 
23 
24 



10 
11 
12 

13 
14 
15 
15 
16 

17 
17 
18 
19 
20 



14 
15 
16 
17 
17 

18 
19 
19 
20 
21 



16 
17 
18 
18 

19 
20 
21 
22 
23 




36 



17 
18 
19 

20 
21 
21 
22 
23 

24 
25 
26 
27 
28 



29 29 
^^ \ "^X^ 

^^ \ ^^ 
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Curvature of Track Rails 

Middle ordinates for curves of various radii, on chords of 
various lengths. 




R = 36C«+0»-5-24 

wherein 

R = Radius of curvature in feet 
C = Length of chord in feet 
O = Middle ordinate in inches. 



Radius 
(R) 
Feet 



Length of Chord (C), Feet 



10 



IS 



20 



25 



30 



Height of Middle Ordinate (O), Inches 



50 



4 
5 
6 
7 
8 

9 

10 
12 
15 
20 

25 
30 
50 
75 
100 

125 
150 
200 
250 
500 

750 
J 000 



/ 



10.53 
8.04 
6.55 
5.54 
4.81 

4.25 
3.81 
3.16 
2.52 
1.88 

1.40 

1.25 

.75 



60.00 
32.20 
25.21 
21.06 

18.20 
16.08 
13.19 

ro.29 

7.62 



6 

5 
3 
2 
1 



06 
04 
01 
00 
50 



/ 



1.20 

1.00 

.75 

.60 

.30 

.20 
.15 






62.59 

48.30 
40 . 63 
31.64 
24.12 
17.51 

13.82 

11.43 

6.79 

4.51 

3.38 

2.70 
2.25 
1.69 
1.35 
.68 

.45 
.34 



120.00 
64.40 
45.84 
32.15 

25.05 

20 59 

12.12 

8.04 

6.02 

4.81 
4.00 
3.00 
2.40 
1.20 

.80 
.60 



80.50 
52.65 

40.19 
32.74 
19.05 
12.59 
9.41 



7 
6 
4 



52 
26 
69 



\ 



3.75 
1.88 

1.25 
.94 



\ 



180.00 
81.25 

60.00 
48.23 
27.64 
18.18 
13.58 

10.84 
9.02 
6.76 
5.40 
2.70 

1.80 



300.00 

161.00 

80.39 

51.47 

38.10 

30.31 
25.18 
18.82 
15.04 
7.50 

5.00 
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Frogs and Switches 




The number of a frog is determined by the degree of its spread 
— the angle at which the gauge lines cross. 

The number of inches in which the spread of the gauge lines 
increases one inch is assigned as the number of the frog. Hence : 

To find the Number of any Frog: Measure across the frog 
point at a place (A) where the distance between the gauge lines 
is even inches or some convenient fraction; measure again where 
the distance is an inch greater (B) than at A; the number of 
inches (C) between the two measurements (A and B) is the 
number of the frog. 

Example — Measurement at A = 2 inches; at B = 3 inches; 
distance C = 2 inches. Then the frog is a No. 2. 



Frog Spreads and Angles 





Spread 






Spread 




Prog 


per foot, 


Frog Angle 


Frog 


per foot. 


Frog Angle 


No. 


Inches 




No. 


Inches 




1 


12.00 


53° 8" 


3 


4.00 


18° 55' 


IH 


9.60 


43° 36" 


3K 


3.69 


17° 30" 


i}i 


8.00 


36° 52" 


3Ji 


3.43 


16° 16" 


1% 


6.86 


31° 54" 


SH 


3.20 


15° 11" 


2 


6.00 


28° 4" 


4. 


3.00 


14° 15" 


2H 


5.33 


25° 3" 


4M 


2.82 


13° 1^" 


2y2 


4.80 


22° 37" 


W<1 


\ l.^*\ 


\ VL^ 6^V 


2M i 


4.36 


20° 37" 


' 


\ 1A^ 


:s\ \V^ 13? 
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Frogs and Switches — Continued 




2. Frog Lead— Straight Rail 

(Table, Page 48) 

Frog lead is the distance from switch point to frog point, 
measiired along the straight track. 

It is equal to twice the track gauge, multiplied by the frog 
number. Since frog lead is usually wanted in feet, while gauge 
is usually expressed in inches, the formula becomes: 

L = GXNh-6 

wherein, 

L = Frog lead in feet. 

G ?= Track gauge in inches. 

N = Number of frog. 

Example — ^Track gauge, 36 in. ; frog No. 2. Then 

Froglead = 36X2-5-6 = 12 ft. 

3. Rail Lead — Curved Rail 

(Illustration above. Table, page 49) 

The length of curved rail from switch point to frog point, 
corresponding to the frog lead for a given track gauge, is given 
with close approximation by the formula : 



C = (VG*+144L«-3L)-h9 
wherein, 

C = Curved rail lead in feet. 
G = Track gauge in inches. 
L ^Frog lead in feet. 

£:xAMPLB — Track gauge 30 in. ; frog lead U it. T^aesv 

Curved rail lead = ( V 900+ (144X1^') -^^^ ^"^ 

= 12.34 ft. = 12 it. 4 Vtv. 
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Frogs and 




4. Radius of Curve 
For a Given Gaug^e and Fros: 

(Table, page SO) 

The radius of curvature, measured at center line of track, is 
equal to twice the track gauge multiplied by the square of the 
frog number. To get radius in feet, using track gauge in inches, 
the formula is: 

R = GXN«H-6 
wherein, 

R= Radius of curve in feet. 
G = Track gauge in inches. 
N = Number of frog. 



Example — ^Track gauge 36 in.; frog No. 2. 

Radius = 36X4-i-6 = 24 ft. 



Then 



5. Fros: to Use 
For a Given Gaug^e and Radius 

(Illustration above, Table, page 51) 

Transposing the radius formula above we have for frog 
number: 

N« = 6XR-5-G 

Example — ^Track gauge, 36 in.; radius of curve^ 24 It. T\v<^^ 

N« = 6X24-%-:i6 = \ 

and 
N =2 
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Frogs and Switches— CMiUnuwi 

5. Fntg to Um 
For a Givep Gauge and Radiui 

(Formula and lUustration. page 47) 
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Dimenaiona of 

Rail Sections and Drilling 

A. S. C. E. Standard 




Rail. 

Weight, 

Pounds 

per 

Yard 



8 
12 
16 
20 

25 
30 
35 
40 

45 
50 
55 

60 



Dimensions, Inches 



VA 
2H 

3 

3H 

4Ji 



Rail 



B 



1^ 

2H 
2H 

2*4 
3 

3H 

3H 

4Ji 




/ 



H 

m 

m 
m 

2 
2H 

2H 
2H 

2H 
2A 



«/l.8 



"Am 
"Am 

"Am 
"Am 

«i 
H 

>»VlM 



nil 



IM 



2A 



Drilling* 



B 



2 
2 
2 
2 

2 
2 
2 
2 



2 

2A 
2A 
2^ 

2J^ 

\ 



5 
5 



i 



H 






1 
1 



Weight 
of Single 

Track. 

Short 
Tonsper 
1000 Feet 



2.67 

3.67 
5.33 
6.67 

8.33 
10.0 
11.66 
13.33 

15.00 
16.66 
18.33 
20.00 

21.66 
23.33 



i 



r^SSi.^ i?*- *«<* lighter have only twobole*; \wac»t» ^Vio«oA«t^ 
r ro^b. rail, G'sPsaS in. 
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Rails, Splices, Bolts and Spikes 

Per 1,000 Feet of Sins^le Track 
Rails, Splices and Bolts 



Rail 


Number 

of 

Rails 


Number 

of 
Splices 


Number of Bolts 


Length, 
Feet 


4 per 
Joint 


6 per 

Joint 


18 
20 
22 . 

25 
27 
30 


111 
100 

91 

80 
74 
67 


222 
200 
182 

160 
148 
134 


888 
800 
728 

640 
592 
536 


1332 
1200 
1092 

960 
888 
804 



Spikes 

Ties Spaced 2 ft. on Centers; 4 Spikes per Tie. 



Spike Size 
Under 
Head, 
Inches 



3 xVs 

4 xH 



3KxA 
4 xA 
4J^A 



4 xH 
4JixJ^ 

5 xH 



Average 

Number 

per Keg 

of 200 pounds 



1650 
1380 
1250 
1025 



890 
780 
690 



605 
518 
475 




Spikes per 1000 
Feet of Single Track 



Pounds 



243 
295 
325 
395 



455 
515 
585 



665 

775 
850 



99S 
1120 



Kegs 



2 



3 



4M 



V^A 



Rail 

Weights, 

Pounds 

per Yard 



12 to 16 
16 to 20 
16 to 20 
16 to 25 



16 to 25 
20 to 30 
20 to 30 



24 to 35 
28 to 35 
35 to 40 



^ 
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Mine 

The six diagrams on pages 56 to 61 are for use in connection 
with hoisting engines of direct connected, or first motion type. 

1. Rope Speeds. Pag^e 56. 

Example — ^What will be the rope speed if the engine stroke 
is 30 in., the piston speed 800 ft. per minute, and the diameter 
of the drum 4 ft. ? 

Solution — Starting at the top of the diagram, at the line 
for 800 ft. per minute, trace vertically down to the diagonal 
for 30-in. stroke; thence horizontally to the diagonal for 4-ft. 
drum; thence vertically down to the bottom, to find the rope 
speed — 2100 ft. per minute. 

2. Drum Capacities. Page 57. 

Example — How many feet of J^-in. rope will wind in one 
layer on a 6-ft. cylindrical drum with a 2-ft. ungrooved face? 

Solution — Starting at the top of the diagram, at the line 
for 6-ft. drum diameter, trace vertically down to the diagonal 
for %-m, rope; thence horizontally to the diagonal for 2-ft. 
face; thence vertically down to the bottom, to find the length 
of rope— 590 ft. 

3. Ropes in Multiple Layers. Page 58. 

Example — ^What length and weight of 1-in. rope will there 
be in 3 layers on a 9-ft. drum having a 2-ft. face? 

Solution — Starting at the top of the diagram, at the line for 

9-ft. dnmi diameter, trace vertically down to the diagonal for 

1-in. rope; thence horizontally to the diagonal for 3 layers; 

and thence vertically down to the center of the diagram, to 

find the length of rope — 1000 ft. per*foot of face, which, multi- 

plied by the face width in feet, gives 2000 ft. Continuing 

vertically down to the diagonal for l-in. tope, aTA^i^afctv'Cfc\^sm- 

fatally to the right, the weight wiU be ioMii^— Vt>QKi \\i. ^x 

^^^ of face, or 3200 lbs. for the 2-ft. iace. 
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4. Load Capacities. Page 59. 

Example — ^What vertical unbalanced load can a 28 x 36- 
in. engine handle, if it has a 6-ft. drum, and is running on 80 
lbs. steam pressure? 

Solution — Starting at the top of the diagram, at the line 
for 28-in. cylinder diameter, trace vertically down to the diagonal 
for 36-in, stroke; thence horizontally to the diagonal for 80 lbs. 
steam; thence vertically down to the curve for 6-ft. drum 
diameter; and thence horizontally to the left side, to find the 
vertical unbalanced load — 14,200 lbs. 

5. Rates of Hoisting. Page 60. 

Example — ^How many cars per hour can be handled in a 
shaft 600 ft. deep, if the average speed of the rope is 1500 ft. 
per minute and the time required to change or dump cars is 
25 seconds? 

Solution — Starting at the top of the diagram, at the line 
for 600 ft. shaft depth, trace vertically down to the straight 
diagonal for 1500-ft. rope speed; thence horizontally to the 
curved diagonal for 25 seconds; and thence to the bottom 
to find the capacity — 74 cars per hour. 

6. Hoisting on Inclines. Page 61. 

Example — ^What size of rope should be used and what 
horsepower will be required, to haul 6000 lbs. up a 45° incline 
at the rate of 600 ft. per minute? 

Solution — Starting at the upper left side of the diagram, 
at the line for 6000 lbs., trace horizontally to the right to the 
diagonal for 45** incline; thence vertically down to the center 
of the diagram, to find the rope size — 5^-in. diameter. Con- 
tinuing vertically down to the diagonal for 600 ft. speed, and 
thence horizontally to the left side, the theoretical power re- 
quired will be foimd — 80 hp. 

For the actual horsepower an ad^^ionsX ^or^^^^ifc ^^ \SsaRN)5^ 
2S percent must be made, for irictVon, eX^c. ^esv^^ Vci'Co&'^'«^«^*^ 
example the actual horsepower Yn\i\:>^%^-VV5'"'^'^'^^" 
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Mine Hoisting^-Omtinuecl 

Diagram 1 — Rope Speeds 
Engine Speeds and Drum Diameters 

See Instructions for Use, page S4 
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Mine Hoisting— Contini«a 



Single Layci* of Rope 

See Instructiw^ f'-r Vst, pfcge 54 
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1 
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Mine Hoisting— Continued 

>iagrBm 3 — Ropes in Multiple Layer* 

Lengths and Weights of Ropes J 

in One or More Layers 1 

See Instructions for Use, page 54 1 
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Mine Hoisting— Continued 
DUgram 4 — Load Capacities 
Vertical Unbalanced Load* 

See Instructions for Use, page 55 
OiRME,-TE:R or STE:Rr-l CvuthlOEJ^. 
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Mine Hoisting— Contintwd 

Diagram 3 — Rates of Holatbis 
Cars Per Hour From Variou* D >th* 

See Instructions for Use, page 5i 

DE-PTM OF 5HFIFX irn Feeit 
o - ' " - * * 
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Mine Hoistingr 

DiafTaifi 6 — Hoisting on Inclines 
Rope Sizes and Power Required 

See Instructions for Use, page 55 
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Humidifying Mine Air 

To Pnvwit Co«l Dust E^Imions 

Investigations during the last few years, particularly by 
the U. S. Bureati of Mines, have broi^ht out the rather sur- 
prising fact that, practically regardless of the relative humidity 
of the ventilating air at the intake, or of the temperature con- 
ditions, the relative humidity of the mine ventilating current 
when discharged from the mine varies from 80% to 100% and 
is usually over 90%. 

The following Uble summarizes 48 tests that were made, 
and shows that for every 100,000 cubic feet of air circulated 
per minute, an average of 5,657 gallons of water is extracted 
from the mine by the ventilating current every 24 hours. 



Extract from Buresu of Mine* BulUttn, No. 20 



Stat* 


Num. 


Num- 
ber 




Relative 
Humidity, 
Percent 


Water 




In- 


Ee- 


In- 


^% 


Per 


gS.1t 


Alabama 

Iowa 

Illinois 

New Mexico.. 

Colorado 

West Virginia. 

Virginia 

Peimsylvania. 


5 

3 
8 
9 

I 
9 

1 

1 


ii 


71 

46.5 

45.S 

3d 

72 

58.5 

49 

48 


69 

56.5 

58 

53 

70 

56 

57 

49 


72.5 

61.5 

60.5 

57 

18 

63 

B4 

87 


92.5 

93 

91 

82 

85 

94 

95.5 

91 


2.27 
4.70 
4.44 
4.57 
9,02 
2,30 
3.04 
1.17 


3,269 
6,768 
6,394 
6,432 
12,991 
3.341 
4,378 
1,685 


Total. . . . 


39 


48 














Average . 






53 


58.5 


63 


90,5 


3.94 


5,657 



./I reww of fljialyses of American coaVs sVio-ws V^ia.^. ''^'t ■o*'':^^*^ 
moisture coatent o£ green bituminoua cotf^ vaws iioia. 1^' 
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In tests made by the Bureau of Mines, coal dust has been 
exploded without the assistance of any gas, when the percent- 
age of moisture was as high as 20%, but samples of dust which 
contain from 29% to 31% moisture could not be exploded. 
It would seem from these tests that if explosive coal dust is 
to be made safe by dampening or wetting, its moisture content 
should be increased from that of green bituminous coal, which 
normally varies from 2% to 15%, till it reaches at least 30%. 

Since this is a known fact, and since coal dust is constantly 
being produced in the mine by blasting, shoveling, hauling, etc., 
various methods have been devised to keep the coal dust from 
being dangerous. 

Following are some of the methods: 

1. Loading and cleaning up such coal dust as can be reached, 
which is obviously a necessity. However, it is impossible to 
get at large quantities lodged on timbers and in crevices at 
remote points. 

2. Sprinkling from water cars, or with a hose and nozzle, 
or with a permanent system of sprinklers. This, however, 
is only local in its effect, and will not reach the crevices, nor 
points which are remote from the tracks. 

3. Application of calcium chloride or other deliquescent 
salt. This is also more or less local in its effect. 

4. Coating the walls and floors of the passageways with 
rock dust, or placing such dust on easily overturned shelves, 
to confine the explosion within certain zones in the mine. 

5. Adding moisture to the mine air. This is advisable 
if roof and other conditions permit, as it effectively reaches 
every part of the mine. 

Air has the ability to hold a certain amount of invisible 
moisture in suspension. The higher the temperature of the 
^ir, tlie greater is the amount it wiM "hoVd. 'Wciea. \.Vve; «it is 
carrying all of the invisible moisture it cam, \3cv^ c»Tvei:\\:\oxi Ss» 
'^own as saturation. 
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The ratio of tHe amount of invisible moisture that is in the 
air at any temperature, to the maximum amotmt of invisible 
moisture it will carry when saturated at that temperature, 
expressed in percentage, is known as the relative hiunidity 
of the air. The Relative Humidity table on page 68 shows the 
amount of water the air will earry at any given temperature. 
Therefore, if the temperature of saturated air is lowered, a cer- 
tain amount of the moisture that was invisible, becomes visible 
in the form of fog, vapor, or rain, and is deposited on any sur- 
face with which the air may come in contact. 

In warm weather, when the relative humidity of the out- 
side air is high and its temperature is lowered on entering the 
mine, the surplus moisture is deposited along the cooler walls 
of the mine, the process being known as sweating. 

In cold weather, cool air enters the mine with a compara- 
tively small percentage of moisture, but, warmed by the walls 
of the mine, the air develops a strong affinity for moisture, and 
abstracts it from the coal and other surfaces in the mine. It 
has been shown by the observations summarized in the foregoing 
table from the Bureau of Mines Bulletin that the air in this 
way will abstract enough moisture to reach a relative humidity 
of between 80% and 100% by the time it leaves the mine. This 
indicates the extreme power of cool mine air to dry up the dus^. 

Saturating the cold air at the intake does not remedy this 
evil, for as the air warms on encountering the warmer walls 
of the mine, its capacity for moisture increases, and it abstracts 
more from the surfaces with which it comes in contact. 

Frequent saturation of the air along the passageways as 
it becomes warm will not render the explosive coal dust safe, 
because saturating such air at a\\ pat\.^ o\ >Ocvfe xsiss}^^ 's^ssss^ 
prevents it from abstracting .moisture itonv ^o.. ^»»^. ^^^ "^^^ 
does not cause it to add moisture to t\\e co^\ e^vvsX- - 
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The only way, therefore, that the air current can deliver 
moisture to the coal dust when the air is cooler than the mine, 
is by being frequently moistened beyond the point of satura- 
tion, or "fogged" as it traverses the mine, so that the current 
carries in suspension in the form of steam, fog, or vapor a cer- 
tain amount of moisture in addition to the invisible moisture 
required for saturation, this excess to be deposited upon the 
walls of the mine and on the dust. The moisture thus in su- 
pension will be carried for long distances, because kept in 
floatation by the mechanical agitation of the air currents. 

The exhaust steam from a fan is often used at the intake 
to accompUsh this purpose, but the steam is injurious to many 
mine roofs and cannot always be used. Water sprayers, water 
jets operating under pressure, and diiving water into the air 
in a finely divided state by centrifugal fans, are methods by 
which the super-saturated condition of the air is efifected. 

In order to be considered safe, the coal dust should be so 
damp that it sticks together when pressed in the hand. To 
be so damp as this, the dust must contain moisture to the extent 
of at least one- third its' own weight. 

The quantity of water that should be introduced into the 
air to nullify the tendency to dry out the mine can be calcu- 
lated as follows: 

Let A = Volume of air calculated, cu. ft. per minute. 

T = Temperature of intake air, degrees Fahr. 

t = Temperature of outlet air, d^rees Fahr. 

H = Relative hvunidity of intake air, per cent. 

h = Relative humidity of outlet air, per cent (nearly always 
close to 90%). 

I - Quantity of water in intake air, ^aWotvs v^t \^,^*^ 
cu. ft. 
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LetR = Quantity of water in return air, gallons per 100,000 
cu. ft. 

W = Quantity of water to be added to neutralize drying 
tendency of Volume A of air as it warms in passing 
through the mine, gallons per minute. 

Then I is given by table on page 69, for temperature T and 
relative humidity H. 

R is ^ven by table on page 69, for temperature t and relative 
humidity h. 

AndW = (R-I)X (A -^ 100,000) 

= theoretical quantity of water to be added. Actually 
this must be increased by at least 20% to allow 
for failure of the air to take up all the moisture from 
the sprayers or jets. 

Example — ^What quantity of water must be added to neutral- 
ize the drying tendency of an air current of 85,000 cu. ft. per 
minute, entering the mine with a temperature of 45° F. and a 
relative humidity of 70%, and leaving with a temperature 
averaging 60® P. and the usual relative humidity of 90%? 

Solution— The conditions give: A = 85,000, T=45, t = 60, 
H-70 and h = 90. The table on page 61 gives 1 = 4.092 for T 
and H, and R = 8.859 for t and h. 

Then W« (8.859 -4.092) X (85,000 -^ 100,000) 
-4.767X0.85 
=4.05195 or 4.05 nearly. 

This theoretical must be increased 20% for ihe actual quan- 
tity of water to be added, which gives 4.05X1.20 = 4.86 gallons 
per minute, actual. 

Then 4.86X60 = 291.6, or 292 nearly, is the quantity of water 
in gallons per hour. 

The extra quantity required to super-saturate the air so as 
to add the desired moisture to the coal dust m.vist b^ dj^ysscccissNfc.^ 
by trial. 

The power required to circulate tVie ^et^Xl-Oija^Ivw^ «^'« ^=^^ ^ 
estimated by the use of the table on pa^e 61. 
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Relative Humidity 

Percentages of Complete Saturation 

By diflferences between Readings of Wet and Dry Bulb 

Thermometers. 



Diflfer- 
ence 
Between 
Wet and 
Dry 
Ther- 
mometers 



1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
26 



28 
. 30 



Temperature, Degrees Fahrenheit 



32 



40 


50 


60 


70 


80 


90 



100 



Relative Humidity, Per Cent (Barometer, 30 Inches) 



89 
79 
69 
59 
49 

39 
30 
20 
11 
2 



92 
83 
75 
68 
60 

52 
45 
37 
29 
23 

15 . 
7 




93 

87 
80 
74 
67 

61 
55 
49 
43 
38 

32 
27 
21 
16 
11 

5 




94 

89 
83 
78 
73 

68 
63 
58 
53 
48 

43 
39 
34 
30 
26 

21 

17 

13 

9 

5 

1 
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in Moist Air 



Gallons per 100,000 Cubic Feet of Air, at 
Various Temperatures and Per- 
centages of Saturation 



9> %i 






Relative Htimidity, Per cent 




I-s 












t^ 






















20 


30 


40 


50 


60 


70 


80 


90 


100 






Gallons of Water Per ICO.OOO Cu. Ft. 


* - 

of Air 


-20 


.057 


.085 


.114 


.142 


.170 


.199 


.227 


.256 


.284 


-15 


.075 


.112 


.149 


.187 


.224 


.261 


.298 


.336 


.373 


-10 


.098 


.146 


.195 


.244 


.293 


.342 


.390 


.439 


.488 


-5 


.127 


.190 


.253 


.317 


.380 


.443 


.506 


.570 


.633 





.165 


.247 


.329 


.412 


.494 


.576 


.658 


.741 


.823 


5 


.209 


.313 


.418 


.522 


.626 


.731 


.835 


.940 


1.044 


10 


.266 


.399 


.532 


.665 


.797 


.930 


1.063 


1.196 


1.329 


15 


.338 


.506 


.675 


.844 


1.013 


1.182 


1.350 


1.519 


1.688 


20 


.423 


.634 


.846 


1.057 


1.268 


1.480 


1.691 


1.903 


2.114 


25 


.531 


.797 


1.062 


1.328 


1.593 


1.859 


2.124 


2.390 


2.655 


30 


.662 


.994 


1.325 


1.656 


1.987 


2.318 


2.650 


2.981 


3.312 


35 


.810 


1.215 


1.620 


2.026 


2.431 


2.836 


3.241 


3.646 


4.051 


40 


.976 


1.463 


1.951 


2.439 


2.927 


3.415 


3.902 


4.390 


4.878 


45 


1.169 


1.754 


1.338 


2.923 


3.507 


4.092 


4.676 


5.261 


5.845 


50 


1.396 


2.094 


2.792 


3.490 


4.187 


4.885 


5.583 


6.281 


6.979 


55 


1.661 


2.493 


3.322 


4.153 


4.984 


5.814 


6.645 


7.475 


8.306 


60 


1.969 


2.953 


3.937 


4.922 


5.906 


6.890 


7.874 


8.859 


9.843 


65 


2.325 


3.488 


4.650 


5.813 


6.976 


8.138 


9.301 


10.46 


11.63 


70 


2.737 


4.106 


5.474 


6.843 


8.212 


9.580 


10.95 


12.32 


13.69 


75 


3.211 


4.816 


6.422 


8.027 


9.632 


11.24 


12.84 


14.45 


16.05 


80 


3.755 


5.633 


7.510 


9.388 


11.27 


13.14 


15.02 


16.90 


18.78 


85 


4.378 


6.566 


8.755 


10.94 


13.13 


15.32 


17.51 


19.70 


21.89 


90 


5.088 


7.632 


10.18 


12.72 


15.26 


U .%V 


ll^.^^ 


m.5^^XX^J^ 


95 1 


5.895i 


8.843^ 


11.79 


14.74 In .69 Vl^.ti^ 


V'i3i'^ 


.Xlfe.^^V^N 


100 6.8121 


10,22 1 


13.62 


17.03 \20.^4 h^.^^ 


tm.i 


SN^^.^ 


Ck^N^°fe 
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Compressed Air PresBures 



Initial pressures required for delivery of air at 80 pounds gauge 
pressure through 1000 feet of dean and straight pipe, at vari- 
3US velocities. 



Second 


l-io. Pipe 


IH-ia. Pipe 


2-in. Kpe 


m 


Required 


Cu. Ft. 


Initial 


S'J? 


Pr^J^^^re 


li.21 


36 


»i.033 
101 568 


S7 
115 


80.134 
80.536 

82^144 

88 [576 
9 J. 400 


23 

118 
235 


81 


900 
600 

200 

000 




2M-in. Pipe 


J-in 


Pips 


4-in. Pipe 


30.fi8 


lOO 


eoiflia 


S3 
520 


80 


050 


88 
880 


80 
8C 


ws 

984 




S-in. Pips 


6-iii. Pipe 


8-in. Pipe 


15.34 


,1 


B0!.55! 

81 '408 
82.200 


1020 


80^288 
80 450 


1765 


80.011 

80.704 
81.100 




10-in, Pips 


ll.ic. Pipe 


14-in. Pipe 


M 

30 6a 1 


566 

;s 

JJ96 
S660 1 


SO.IM 

80.313 

80.537 


1598 

3WS 
4794 


il 


027 

\6& 


1087 80.006 
2174 80.022 

4348 so! 088 
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Properties of Saturated Steam 



(Marks and Davis) 



Pressure 




Total Heat 


Weight of 




by 


Temperature 
of Steam, 


of Steam in 


Steam, 


Volume, 


Gauge. 


B.T.U. above 


Pounds 


Cu. Pt. 


Lbs. per 


Degrees, 


Water at 


per Cubic 


per Pound 


Sq. In. 


Pahr. 


32* Pahr. 


Poot 


of Steam 





212.0 


1150.4 


.0373 


26.79 


5.3 


228.0 


1156.2 


.0498 


20.08 


15.3 


250.3 


1163.9 


.0728 


13.74 


25.3 


267.3 


1169.4 


.0953 


10.49 


35.3 


281.0 


1173.6 


.1175 


8.51 


45.3 


292.7 


1177.0 


.1395 


7.17 


55.3 


302.9 


1179.8 


.1612 


6.20 


65.3 


312.0 


1182.3 


.1829 


5.47 


75.3 


320.3 


1184.4 


.2044 


4.89 


85.3 


327.8 


1186.3 


.2258 


4.429 


95.3 


335.5 


1188.0 


.2472 


4.047 


105.3 


341.3 


1189.6 


.2683 


3.726 


115.3 


347.4 


1191.0 


.2897 


3.452 


125.3 


353.1 


1192.2 


.3107 


3.219 


135.3 


358.5 


1193.4 


.3320 


3.012 


145.3 


363.6 


1194.5 


.3529 


2.834 


155.3 


340.7 


1195.4 


.3738 


2.675 


165.3 


345.6 


1196.4 


.3948 


2.533 


175.3 


350.4 


1197.3 


.4157 . 


2.406 


205.3 


363.4 


1199.6 


.478 


2.091 


225.3 


397.4 


1200.9 


.520 


1.924 


255.3 


407.9 


1202.6 


.582 


1.718 


275.3 


414.4 


1203.6 


.624 


1.602 


305.3 


423.4 


1204.9 


.687 


1.456 


325.3 


431.9 


1206.1 


.750 


1.372 


355.3 


437.2 


1206.?. 


\ .n^v 


\ vruoN- 


385. 3 


444.8 


120^.0 


\ .%ti^ 


\ v.w^ 
\ v,\^^ 


435,3 


456.5 


1209.0 


\ .^ti^ 


485,3 / 


467.3 


1 1210. 


\ V.^^^ 


\ * 
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Standard Wrought Pipe 



Standard Dimensions and List Prices 



Diameter, Inches 


Number 

of 

Threads 

per 

Inch 


Length 

Perfect 

Thread, 

Inches 


Weight, 
Pounds 

per 
Lineal 

Foot 


List 


Nominal 


Actual 


Price 
Foot 


Inside 


Outside 


Inside 




Vs 


.405 


.269 


27 


.19 


.24 


$0.05Ji 




.540 

.675 

.840 

1.050 


.364 
.493 
.622 
.824 


18 
18 
14 
14 


.29 
.30 
.39 
.40 


.42 

.57 

.85 

1.13 


.06 
.06 
.08Ji 


1 

2 


1.315 
1.660 
1.900 
2.375 


1.049 
1.380 
1.610 
2.067 


113^ 
llJi 


.51 
.54 
.55 
.58 


1.68 
2.27 
2.71 
3.65 


.17 
.23 
.27J^ 
.37 


2M 
3 

3^ 
4 


2.875 
3.500 
4.000 
4.500 


2.469 
3.068 
3.548 
4.026 


8 
8 
8 
8 


.89 

.95 

1.00 

1.05 


5.79 

7.57 

9.11 

10.79 


.58J^ 
.76J^ 
.92 
1.09 


4K 

5 

6 

7 


5.000 
5 . 563 
6.625 
7.625 


4.506 
5.047 
6.065 
7.023 


8 
8 
8 
8 


1.10 
1.16 
1.26 
1.36 


12.54 
14.61 
18.97 
23.54 


1.27 
1.48 
1.92 
2.38 


8 

9 

10 

11 


8.625 

9.625 

10.750 

11.750 


7.981 

8.941 

10.020 

11.000 


8 
8 
8 
8 


1.46 
1.57 
1.68 
1.78 


28.55 
33.91 
40.48 
45.56 


2.88 
3.45 
4.12 
4.63 


12 1 
13 
14 / 

ts I 


12.750 \ 
14.000 / 
15.000 I 
6.000 I 


12.000 

13.250 

14.250 

15.250 


8 
8 
8 
8 


. 1.88 
\ 2.09 
\ 2.\0 
\ 2.1^ 


49.56 

\ \ e>2 . V 


5.07 
\ e^.Vi 
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Extra Strong Wrought Pi 



Standard Dimensions and iList Prices 



Diameter, Inches 


Internal 

Area, 

Square 

Inches 


LfCngth 
Contain- 
ing one 
Cubic 
Foot. 
Feet 


Weight. 
Pounds 

per 
Lineal 

Foot 


List 


Nominal 


Actual 


Price 

per 

Foot 


Inside 


Outside 


Inside 




Vs 


.405 


.215 


!'036 


3966.39 


.314 


$0.12 




.540 

.675 

.840 

1.050 


.302 
.423 
.546 
.742 


.072 
.141 
.234 
.433 


2010.29 

1024.69 

615.02 

333.02 


.535 

.738 

1.087 

1.473 


.07K 
.07J^ 

.11 

.15 


1 

2 


1.315 
1.660 
1.900 
2.375 


.957 
1.278 
1.500 
1.939 


.719 
1.283 
1.767 
2.953 


200.19 

112.26 

81.49 

48.77 


2.171 
2.996 
3.631 
5.022 


.22 
.30 
.36}^ 
.503^ 


3 

sy2 

4 


2.875 
3.500 
4.000 
4.500 


2.323 
2.900 
3.364 
3.826 


4.238 

6.605 

8.888 

11.497 


33.98 
21.80 
16.20 
12.53 


7.661 
10.252 
12.505 
14.983 


.77 
1.03 
1.25 
1.50 


4J^ 
5 
6 
7 


5.000 
5.563 
6.625 
7.625 


4.290 
4.813 
5.761 
6.625 


14.455 
18 . 194 
26.067 
34.472 


9.96 
7.92 
5.52 
4.18 


17.611 
20.778 
28.573 
38.048 


1.80 
2.08 
2.86 
3.81 


8 

9 

10 

11 

1 


8.625 

9.625 

10.750 

11.750 


7.625 

8.625 

9.750 

10.750 


45 . 663 

58.426 

74.662 

i 90. 16^ 


3.15 
2.46 
1.93 


43 . 388 
48.728 
54.735 


4.34 
4.90 

5.48 


" / 


12. 750 


11.750 


\\0&.4^ 


\- 


b^V ^^ -^ 


t\Vs^^ -'^ 
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Double Extra Strong Wrought Pipe 

Standard Dimensions and List Prices 



Diameter, Inches 



Nominal 
Inside 






1 

2 



2}^ 
3 

3H 
4 



4J^ 
5 
6 
7 



8 



Actual 



Outside 



.840 
1.050 



1.315 
1.660 
1.900 
2.375 



2.875 
3.500 
4.000 
4.500 



5.000 
5.563 
6.625 
7.625 



8.625 



Inside 



.252 
.434 



.599 

.896 

1.100 

1.503 



1.771 
2.300 
2.728 
3.152 



3.580 
4.063 
4.897 
5.875 



6.875 



Internal 

Area, 

Square 

Inches 



050 

148 



.282 

.630 

.950 

1.774 



2.464 
4.155 
5.845 
7.803 



10.066 
12.966 
18 . 835 
27.109 



37.122 



Length 
Contain- 
ing one 
Cubic 
Foot, 
Feet 



2887 . 16 

973.40 



511.00 

228 . 38 

151.53 

81.16 



58.46 
34.66 
24.64 
18.45 



14.31 

11.11 

7.65 

5.31 



3.88 



Weight, 
Pounds 

per 

Lmeal 

Foot 



List 
Price 

per 
Foot 



714^0 



1 
2.440 



3.659 
5.214 
6:408 
9.029 



13.695 
18.583 
22.850 
27.541 



32.530 
38.552 
53.160 
63 . 079 



72.424 



1.32 
.35 



.37 
.521^ 
.65 
.91 



1.37 
1.86 
2.30 
2.76 



3.26 
3.86 
5.32 
6.35 



7.25 
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Round Cii^tems, Tanks, Pipes, Etc. 

Areas and Capacities in U. S. Gallons per Foot of Depth 

for Various Diameters 



Diam., 
Inches 



ya 

Vs 

1 

2 
2Ji 

2H 
3* 

4 
4Ji 

5 

6 

7 

7J^ 

8 

9 

10 
11 
12 



Area, 
Sq. Pt. 



.0003 
.0008 

.0014 
.0021 
.0031 
.0042 

.0055 
.0085 
.0123 
.0167 

.0218 
.0276 
.0341 
.0412 

.0491 
.0668 
.0873 
.1104 

.1364 
.1650 
.1963 
.2304 

.2673 
.3068 
.3491 
.4418 

.5454 

.6669 

7854 



Gallons 
perPt. 
Depth 



.0025 
.0057 

.0102 
.0159 
.0230 
.0312 

.0408 
.0638 
.0918 
.1249 

.1632 
.2066 
.2550 
.3085 

.3672 
.4998 
.6528 
.8263 

1.020 
1.234 
1.469 
1.724 

1.999 
2.295 
2.611 
3.305 

4.080 
4.937 

5.875 



Diam., 
Pt.— In. 



1-2 
1-4 
1-6 
1-8 
1-10 

2-0 
2-2 
2^ 
2-6 
2-8 
2-10 

3-0 
3-3 
3-6 
3-9 

4-0 
4-6 
5-0 
5-6 

6-0 
6-6 
7-0 
7-6 

8-0 
8-6 
9-0 
9-6 

1(M) 
10-6 



Area, 
Sq. Pt. 



1.069 
1.396 
1.767 
2.182 
2.640 

3.142 
3.687 
4.276 
4.909 
5.585 
6.305 

7.069 

8.296 

9.620 

11.045 

12.566 
15.90 
19.63 
23.76 

28.27 
33.18 
38.48 
44.18 

50.27 
56.75 
63.62 
70.88 

78.54 
86.59 



Gallons 

perPt 

Depth 



8.00 
10.44 
13.22 
16.32 
19.75 

23.50 
27.58 
31.99 
36.72 
41.78 
47.16 

52.88 
62.06 
71.97 
82.62 

94.00 
118.97 
146.88 
177.72 

211.51 
248.23 
287.88 
330.48 

376.01 
424.48 
475.89 
530.24 

587.52 
647.74 



Diam.. 
Pt.— In. 



11-0 
11-6 

12-0 
12-6 
13-0 
13-6 

14-0 
14-6 
15-0 
15-6 

16-0 
16-6 
17-0 
17-6 

18-0 
18-6 
19-0 
19-6 

20-0 
20-6 
21-0 
21-6 

22-0 
22-6 
23-0 
23-6 

24r-0 

24-6 
25-0 



Area, 
Sq. Pt 



95.0 
103.9 

113.1 
122.7 
132.7 
143.1 

153.9 
165.1 
176.7 
188.7 

201.1 
213.8 
227.0 
240.5 

254.5 
268.8 
283.5 
298.7 

314.2 
330.1 
346.4 
363.1 

380.1 
397.6 
415.5 
433.7 

452.4 
471.4 
490.9 



Gallons 

perPt. 

Depth 



711 

777 

846 

918 

993 

1071 

1152 
1235 
1322 
1412 

1504 
1600 
1698 
1799 

1904 
2011 
2121 
2234 

2350 
2469 
2591 
2716 

2844 
2974 
3108 
3245 

3384 
3527 
3672 



1 gallon =231 cu. in. =.13368 cu. iV-%.^'lVa^.^^^Kt^wy^'^ss»B' 
mately. 

1 cu, ft =62^ lbs. water apptoidinaVj^^. 
1 barrel ^31}^ gallons. 
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Comparative Table 

Number of Smaller Pipes 



With the same velocity of flow, the volume delivered by two 
pipes of different sizes is proportional to the squares of their diam- 
eters. With the same head or pressure, however, the velocity 
is less in the smaller pipe and the volimie delivered varies about 





Smaller Pipes, Diametersi Inches 


Large 
Pipe, 
Diam.. 
Ins. 


1 


2 


3 


4 


5 


6 


7 


1 


^f umber tc 


t Give San 


le Capacit 


y as One Large Pipe 




2 


5.7 
15.6 
32.0 
55.9 

88.2 
130 
181 
243 

316 
401 
499 
609 

733 
871 














3 


2.8 
5.7 
9.9 

15.6 
22.9 
32.0 
43.0 

55.9 
70.9 
88.2 
108 

130 
154 
181 
211 

243 

316 i 
401 / 
499 












4 


2.1 
3.6 

• 

5.7 

8.3 

11.7 

15.6 

20.3 
25.7 
32.0 
39.1 

47.0 
55.9 
65.7 
76.4 

82.2 
115 
146 
181 










5 


1.7 

2.8 
4.1 
5.7 
7.6 

9.9 
12.5 
15.6 
19.0 

22.9 
27.2 
32.0 
37.2 

43.0 
55.9 
70.9 
88.2 








6 


1.6 
2.3 
3.2 
4.3 

5.7 

7.2 

8.9 

10.9 

13.1 
15.6 
18.3 
21.3 

24.6 
\ 32.0 
\ 40.6 
\ 50.5 






7 
8 
9 

.10 
11 
12 
13 

14 
15 
16 
17 

20 / 
22 / 


1.5 
2.1 
2.8 

3.6 
4.6 
5.7 
7.1 

8.3 

9.9 

11.7 

13.5 

15.6 


"i'.i" 

1.9 

2.4 
3.1 
3.8 
4.7 

5.7 
6.7 
7.9 
9.2 

10.6 
i 13.8 

\ IV.%1 




1 
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of Pipe Capacities 

Equivalent to One Larger 



^s the square root of the ^h power. The table is calculated on 
this basis, the figures in each column showing the number of pipes 
of the size at the head of that column, equivalent in capacity to 
one pipe of the corresponding sizes given in side columns. 



Smaller Pipes, Diameters, Inches 




8 


9 


10 


12 


14 


16 


18 


20 


Large 
Pipe, 
Diam., 




Number to Give Same Capacity as One Large Pipe 




Ins. 


















2 


















3 


















4 


















5 


















6 


















7 


















8 


1.3 
















9 


1.7 


1.3 
1.7 
2.1 
2.5 

3.0 
3.6 
4.2 
4.9 

5.7 

7 4 , 














10 


2.2 


1.3 
1.6 
1.9 

2.3 
2.8 
3.2 
3.8 

4.3 

5 7 












11 


2.8 












12 


3.4 


1.2 

1.5 
1.7 
2.1 
2.4 

2.8 
3.6 
4.6 
5.7 










13 


4.1 










14 


4.8 


1.2 
1.4 
1.6 

1.9 








15 


5.7 








16 


6.6 


1.2 
1 J? 






17 


■ 

7.6 




.•,•,«•,« 


V ^^ 


P P i 


4 \ \ n 


V v.n 


\.. 




12.5 I 
15.6 1 


9.3 
11.6 / 


7.2 
8.9 


3.1 
1 Z.% 




^^V^ 
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Weir Measurement of Water 

When the depth of water flowing over a sill or a weir notch 
is known, the quantity of water passing can be calculated from 
the table below. The method of using the table is illustrated by 
the following example: 

A weir notch is 16 inches wide; the height of the water some 
distance back of the notch at a point where the water is level, 
is observed to be 7 J^ inches above the bottom of the notch or 
weir sill. How many cubic feet of water per minute are flowing 
through this notch? 

The table shows that for a height of 7 J^ inches over the sill, 
water flows at the rate of 8.01 cubic feet per minute per inch of 
width. Since this notch is 16 inches wide, the flow is at the rate 
of 16X8.01 = 128.16 cubic feet per minute. 

Weir Table 



Level 
Depth 
over 
Weir, 
Inches 





1 

2 

3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 



Plow of Water, Cu. Pt. per Minute per Inch of Width 



Even 
Inches 
Depth 



.00 

.40 
1.13 
2.07 
3.20 
4.47 

5.87 

7.40 

9.05 

10.80 

12.64 

14.59 
16.62 
18.74 
20.95 
23.23 



Additional Fractions of an Inch Depth 



H 



.01 

.47 
1.23 
2.21 
3.35 
4.64 

6.06 

7.60 

9.26 

11.02 

12.88 

14.84 
16.88 
19.01 
21.23 
23.52 



K 



.05 

.55 
1.35 
2.34 
3.50 
4.81 

6.25 

7.80 

9.47 

11.25 

13.12 

15.09 
17.15 
19.29 
21.51 
23.82 



25.60125.90 26.20 
// / 28.03 28. 34\2S.6S 
/jS /J0.S4 30.86 31. IS 
19 / 33.12 33. 451 33. n 
20 / 35.77/36. 11 36.45 



H 



.09 

.64 
1.46 
2.48 
3.66 
4.98 

6.44 

8.01 

9.69 

11.48 

13.36 

15.34 
17.41 
19.56 
21.80 
24.11 



H 



.14 

.73 
1.58 
2.61 
3.81 
5.15 

6.62 

8.21 

9.91 

11.71 

13.60 

15.59 
17.67 
19.84 
22.08 
24.40 



H 



.19 

.82 
1.70 
2.76 
3.97 
5.33 

6.82 

8.42 

10.13 

11.94 

13.85 

15.85 
17.94 
20.11 
22.37 
24.70 



H 



.26 

.92 
1.82 
2.90 
4.14 
5.51 

7.01 

8.63 

10.35 

12.17 

14.09 

16.11 
18.21 
20.39 
22.65 
25.00 



Ji 



.32 

1.02 
1.95 
3.05 
4.30 
5.69 

7.21 

8.83 

10.57 

12.41 

14.34 

16.36 
18.47 
20.67 
22.94 
25.30 



26.50 26.80 27.11 27.42 27.72 
28.97 29.2&\ 29. S9ll9.9U30'22 
31.50 Sl.&iy^l.VSV^l.VlW.m 
34 . 1 1 34 . 44\ 34 .n\ ^>S .\^\^^ .«A 
36.78 37 .U\ 11 .4(A^lM^AS 
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Pounds Pressure — Feet Head 

Of Water 

Equivalents of pounds pressure per square inch in feet head 
of water, and vice versa. 



Pounds 


■ 


Pounds 






Pounds 




Pounds 


per 


Feet 


per 


Feet 


Feet 


per 


Feet 


per 


Sq. In. 


Head 


Sq. In. 


Head 


Head 


Sq. In. 


Head 


Sq. In. 


1 


2.31 


110 


253.9 


1 


.43 


140 


60.63 


2 


4.62 


120 


277.1 


2 


.87 


150 


64.96 


3 


6.93 


130 


300.2 


3 


1.30 


160 


69.29 


4 


9.24 


140 


323.3 


4 


1.73 


170 


73.63 


5 


11.54 


150 


346.3 


5 


2.17 


180 


77.96 


6 


13.85 


160 


369.4 


6 


2.60 


190 


82.29 


7 


16.16 


170 


392.5 


7 


3.03 


200 


86.62 


8 


18.47 


180 


415.6 


8 


3.40 


225 


97.45 


9 


20.78 


190 


438.9 


9 


3.90 


250 


108.3 


10 


23.09 


200 


461.8 


10 


4.33 


275 


119.1 


12 


27.6 


225 


519.5 


15 


6.50 


300 


129.9 


14 


32.2 


250 


577.2 


20 


8.66 


325 


140.8 


16 


36.8 


275 


643.0 


25 


10.83 


350 


151.6 


18 


41.4 


300 


692.7 


30 


12.99 


375 


162.4 


20 


46.2 ' 


325 


750.4 


35 


15.16 


400 


173.2 


25 


57.7 


350 


808.1 


40 


17.32 


425 


184.0 


30 


69.3 


375 


865.9 


45 


19.49 


450 


194.8 


35 


80.8 


400 


922.6 


50 


21.65 


475 


205.7 


40 


92.4 


425 


980.3 


55 


23.82 


500 


216.5 


45 


103.9 


450 


1038 


60 


25.99 


550 


238.2 


50 


115.5 


475 


1096 


65 


28.15 


600 


259.8 


55 


126.9 


500 


1155 


70 


30.32 


650 


281.4 


60 


138.5 


550 


1269 


75 


32.48 


700 


303.2 


65 


150.1 


600 


1385 


80 


34.65 


750 


324.8 


70 


161.6 


650 


1501 


85 


36.81 


800 


346.5 


75 


173.2 


700 


1616 


90 


38.98 


850 


368.1 


80 


184.7 


750 


1732 


95 


41.14 


900 


389.8 


85 


196.3 


800 


1847 


100 


43.31 


950 


411.4 


90 


207.8 


850 


1963 


110 


^ 47.^ 


I VQfJ^ V^A'^X 


95 J 


219. 4 , 


900 


2078 ' 


\m 


\ S\.^n 


\\\^\^^>^ 


100 / 


230. 9 1 


1000 


2309 


w^^ 


\ Sti.^ 


^Vo 


.^\^^^ 
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Water Pressure Losses by Friction in 
Iron and Steel Pipes 

Friction losses in pounds pressure per square inch for each 100 
feet of clean and straight iron pipe at various rates of flow. 



Flow, 

Gallons 

per 

Min. 



10 
20 
30 
40 
50 

75 
100 
150 
200 
250 

300 
400 
500 
750 
1000 



Pipe Size, Inches 



IH 



2H 



8 



10 



Pressure Loss in Pounds per Sq. In. per 100 Ft. of Pipe. 



3.16 


0.47 


12.3 


1.66 


27.5 


3.75 


48.0 


6.52 




10.0 




22.4 




39.0 




0.12 
0.42 
0.91 
1.60 
2.44 

5.32 

9.46 

21.20 

37.50 



0.40 
0.57 
0.81 

1.80 

3.20 

7.00 

12.47 

19.66 

28.06 



0.27 
0.35 

0.74 
1.31 
2.35 
5.02 
7.76 

11.2 
19.5 
30.8 



0.09 

0.20 
0.33 
0.69 
1.22 
1.89 

2.66 
4.73 
7.43 



0.05 
0.10 
0.17 
0.26 

0.37 
0.65 
0.96 
2.21 
3.88 



0.03 
0.04 
0.05 
0.07 

0.09 
0.16 
0.25 
0.53 
0.94 

1.46 
2.09 



\ 



\ 



0.02 
0.03 

0.04 
0.06 
0.09 
0.18 
0.32 

0.49 
0.70 



\.l^ 
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Water Pressure Losses by Friction in 

Wood Pipes 

Head in F^t of Watej^ Lost per 1,000 Feet of Pipe dt 

Various Rates of Flow 



Rate 
of Flow, 

Feet 

per 
Second 



1 

1.5 
2 
2.5 



3.5 

4 

4.5 

5 

5.5 



6 
6.5 

7 

7.5 

8 



8.5 
9 

9.5 
10 



Pipe Size, Inches 



12 



16 



20 



.97 
2.3 
4.2 
6.5 
9.4 



12.6 
16.0 
19.7 
23.6 
27.5 



Head in Feet Lost per 1 ,000 Feet 



.63 
1.3 
2.4 
3.8 
5.5 



7.4 

9.5 

12.1 

15.1 

18.1 



21.4 
25.1 



.43 
.97 
1.6 
2.6 
3.9 



5.5 

7.2 

9.2 

11.3 

13.5 



16.0 
18.7 
21.5 
24.4 
27.3 



.26 
.61 

1.1 

1.7 

2.5 



3.4 
4.4 
5.5 
6.7 
8.1 



9.7 
11.5 
13.3 
15.3 
17.2 



19.3 
21.5 
22.8 



.18 
.41 
.73 

1.2 

1.6 



.11 
.22 
.45 
.83 
1.1 



2.3 
3.0 
3.8 
4.7 
5.6 



6.7 

7.7 

8.8 

10.2 

11.6 



1.6 
2.1 
2.7 
3.3 
4.0 



4 
5 
6 

7, 
8, 



8 
6 
5 
3 
3 



30 



.09 
.16 
.29 
.47 
.66 



.89 
1.1 
1.4 
1.8 
2.2 



2.7 
3.2 
3.7 
4.2 
4.7 
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Water Pressure Losses by Friction in 

Elbows 



Friction losses in pounds pressure per square inch for each 
elbow, at various rates of flow. 





Pipe Size, Inches 


Flow, 
Gallons 

Minute 


1 


m 


2 


2H 


3 


4 


6 


8 


10 


Pressure Loss in Pounds per Sq. In. per Elbow 


10 


.094 
.376 

.845 
1.50 
2.58 

5.30 


.018 
.069 
.157 
.278 
.43 

.98 
1.72 
3.92 
6.88 


.006 
.025 
.055 
.098 
.153 

.35 

.612 

1.39 

2.44 

3.86 

5.56 


-.003 
.012 
.028 
.049 
.08 

.172 
.32 
.685 
1.28 
1.91 

2.74 
3.77 
5.12 
6.20 
7.64 












20 


.005 
.011 
.02 
.032 

.072 
.128 
.286 
.512 
.80 

1.14 
1.38 
2.05 
2.58 
3.20 










30 










40 


.007 
.01 

.024 
.043 
.096 
.172 
.268 

.384 
.530 
.688 
.870 
1.07 

2.42 
4.28 
6.70 
9.68 








50 








75 


.005 
.008 
.019 
.032 
.052 

.076 
.103 
.128 
.170 
.208 

.470 
.832 
1.31 
1.88 






100 
150 
200 
250 


.003 
.006 
.011 
.017 

.025 
.034 
.044 
.057 
.068 

.156 
.272 
.435 
.624 


.003 
.005 
.007 


300 






.01 


350 






.014 


400 








.018 


450 








.023 


500 








.028 


750 








.063 


1000 












.112 


1250 












.175 


1500 












.252 


1 


1 













To Gnd the friction head in feet oi v/a^et, mMUVvVj ^^^^ ^^ow^ 
S^res by 2.3 or see table on next page. 
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Capacities of Pumps 

Plunger Di^lacements per Stroke, in Gallons 

For approximate capacity of any pump per minute, multiply 
capacity per pltmger per stroke from table below, by nimiber of 
working strokes per minute for all plungers. 

When pump is new and in good condition, deduct 10% to 
allow for slip, rod displacements, etc. When pimip is in poor 
condition and piping is old, greater allowances must be made. 



Plunger Size 



Length of Stroke, Inches 



Diaxn., 
In. 



2 

2M 

3 
4 

5 
53^ 

6 

7 
8 



9 
10 
12 



Area, 
Sq. In. 



8 



10 



12 



16 



Theoretical Capacity per Plunger Stroke, Gallons 



1.77 
3.14 
4.91 

7.07 

9.62 

12.57 

15.90 
19.64 
23.76 

28.27 
38.49 
50.27 

63.62 
78.54 
113.1 



0.023 
.041 
.064 

.092 
.125 
.163 

.207 
.255 
.309 

.367 



k).031 
.054 
.085 

.122 
.167 
.218 

.275 
.340 
.411 

.490 
.666 
.870 




0.046 
.082 
.128 

.184 
.250 
.326 

.413 
.510 
.617 

.734 
1.000 
1.306 

1.652 
2.040 
2.938 



0.109 
.170 

.245 
.333 
.435 

.551 
.680 
.823 

.979 
1.333 
1.741 

2.203 
2.720 
3.917 



0.213 

.306 
.417 

ZAA 

. %J X X 

.689 

.850 

1.020 

1.224 
1.666 
2.176 

2.754 
3.400 
4.896 



0.367 
.500 
.653 

.826 
1.020 
1.234 

1.469 
1.999 
2.611 



0.870 

1.102 
1.360 
1.646 

1.958 
2.666 
3.482 



6.W 




84 



GOODMAN MINING HANDBOOK 









9) 

> 

Q 



d 
o 

o 

CO 

» 

o 

> 

u 



•a 

• •X 



o 



«*> 







O 

o 



o 






S 






o 



o 



o 



o 



o 



o 
a 

9) 

a 

o 

X 

CO 
u 

o 

0) 



W 1^ 9 

9 S J 






tOtOiOlOQ 



© «H«HC^ f*>mt^o«^ 



r^oSoS ooo 



«no«o 



l/)0*0 

* «HtO00 

O ^^ CS| f*5 »0 **• O^ vH«H«H 






«-HCO>O00CS| ooiot^oc^ ioo*o 

• •••• ••••• ••• 






^c^t^c^io • csioiooio OOO 



• • • • • 



l«HCS|f*>f*> ^>Ot>» 



s 



• ••• ••••« ••• 



tOiOtOiOQ *OQOQO OOO 
o^c««e>o»o r^oioo»o OOO 



«H^p^e»« eO'^«o 






c^O 
NOioe^Ot^ 



csior^ 



vH«H«H esfOfO 






Sq«o 



es 



s^ss^ 



«HvH VHCSIC4 



0000'-< 



t^OiOQiO 
00«Ot^OP^ 



g*^ 



c< 



«o»o 



!2SV^Si ^S%%^ ^^% 



GOODMAN MINING HANDBOOK 85 

Duplex Steam Pumps 

for Determining Sizes and Speeds Necessary 
for Various Service Requirements 

The diagrams refer only to duplex, direct-connected steam 
ptimps, and assume a pump efficiency of 75%. 

To illustrate the method of using the diagrams the following 
example will serve: 

Example — What should be the dimensions and speed of 
a duplex steam pump to deliver a maximum of 175 gallons of 
water per minute against a head equal to a pressure of 300 
pounds per square inch, if the available steam pressure is 100 
pounds? 

(A) Water Cylinder Diameter— Starting at the upper 
left side of Diagram 1^ at the point for 175 gallons per minute, 
trace horizontally to the right to the line that curves from 
the upper left to the lower right; thence vertically down to 
the center of the diagram, to find the proper diameter of water 
cylinder — 5.5 inches. 

(B) Steam Cylinder Diameter — Continue thence vertically 
down to the diagonal which represents the ratio of the water 
pressure to the steam pressure. In this example the ratio is 
300 to 100, or 3. From the intersection with this diagonal (3) 
trace horizontally to the right side of the diagram, to find the 
steam cylinder diameter — 11 inches.' 

(C) Speed — From the same intersection with the curved line 
in the upper part of the diagram, horizontally in from the point 
for 175 gallons per minute at the left, trace vertically to the 
diagonal for 300 poimds water pressure; thence horizontally 
to the right side of the diagram, to find the proper speed of 
running — 62 r. p. m. 

(D) Stroke — Starting at the leit svd^ oi X^Y^aj^^t-asx^ 1^ '^5^ 
the point for 175 gallons per tnmvi\«, \.t?3lc^ VoTVLQ^s^^^sJ^ ^^ 

the light to the diagonal ior S.S-m. e:vaxxve\.<^'t cJL "^^ 
cylinder; thence vertically to t\\e pdvxA. ^Vex^ ^ ^^».5S^'^ 
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Duplex Steam Pumps— Continuad 

Diagram 1 . Diametera of Steam and Water CylindarSf and 
Speeds NecesMuy for Variou* Pre«*ur«* and Volume*. 
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Duplex Steam Pumps— COTitinuod 



Thus the comtined use of the two digrams shows that 
a duplex pump 11 x h^i x 7J^ in. should be used, at 62 r. p. m. 

If the head is expressed in feet of water, reduce this to pounds 
per square inch by multiplying the head in feet by .433, or by 
use of the conversion table on page 79. 



Diagrajn 2 

L«nKtha of Stroke Necestary to Give Deairtid Volume with 

Vvioiu Water Cylinder Diametera and at Varioiu 
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Diameters and Speeds 

Rules for Size and Speed Determinations for Pulleys, 
Sheaves, Gears and Sprocket Wheels 

The driving wheel is called the driver, and the receiving wheel 
the driven. 

Diameters must be measured in like units, as inches or feet, for 
both wheels, and speeds must also be in like imits, as rotations 
per minute 

Number of teeth in gears or sprocket wheels may be used in- 
stead of diameters in these calculations, but the substitution, if 
made at all, must be made for both driver and driven. 

1. To determine the diameter of the driver, when the diam- 
eter of. the driven and the speeds of both driver and driven are 
given: 

Diameter of driven X rotations of driven 

= Diameter of driver. 

Rotations of driver 

2. To determine the diameter of the driven, when the diam- 
eter of the driver and the speeds of both driver and driven are 
given: 

Diameter of driver X rotations of driver 

— ' = Diameter of driven. 

Rotations of driven 



3". To determine the speed of the driver, when the speed of 
the driven and the diameters of both driver and driven are given: 

Diameter of driven X rotations of driven 

— . = Rotations of driver. 

Diameter of driver 



; 4. To determine the speed of the driven, when the speed of 
i^e driver and the diameters of both driver and driven are given: 

Diameter of driver X rotations oi driver 
- -jDiameteT o£ driven 
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Linear Speeds of Rotation 

Pulley Rims or Pitch Lines* of Gears, etc. 

For intermediate diameters or rotations, or for values outside the limits 
of the table, use proportionate values. 



Diam. 
In. 



Rotations per Minute 



100 



125 



150 



175 



200 



250 



300 



350 



400 



Linear Speed, Feet per Minute 



6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

22 
24 
26 
28 
30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
50 

52 

54 
56 
58 
60 

64 
68 
72 
76 
80 



157.1 
183.3 
209.4 
235.6 
261.8 

288.0 
314.2 
340.3 
366.5 
392.7 

418.9 
445.1 
471.2 
497.4 
523.6 

576.0 
628.3 
680.7 
733.0 
785.4 

837.8 
890.1 
942.5 
994.8 
1047.2 

1099.6 
1151.9 
1204.2 
1256.6 
1309.0 

1361.4 
1413.7 
1466 . 1 
1518.4 
1570.8 

1675.5 
1780.2 
1885.0 
1989.7 
2094.4 



196.3 
229.1 
261.8 
294.5 
327.2 

360.0 
392.7 
425.4 
458.1 
490.8 

523.6 
556.3 
589.0 
621.7 
654.5 

720.0 
785.4 
850.8 
916.3 
981.7 

1047.2 
1112.6 
1178.1 
1241.0 
1309.0 

1374.4 
1439.9 
1505.3 
1570.8 
1636.2 

1701.7 
1767.1 
1832.6 
1898.0 
1963.5 

2094.4 
2225.3 
2356.2 
2487.1 
2618.0 



235.6 
274.9 
314.2 
353.4 
392.7 

432.0 
471.2 
510.5 
549.8 
589.0 

628.3 
667.6 
706.8 
746.1 
785.4 

864.0 

942.5 

1021.0 

1099.6 

1178.1 

1256.6 
1335.2 
1413.7 
1487.3 
1570.8 



1649 
1727 



1806.4 
1885.0 
1963.5 

2042.0 
2120.6 
2199.1 
2277.7 
2356.2 

2513.3 
2670.4 
2827.4 
2984.5 
3141.6 



84 12199. 112748 . 9 3298 . 7 

88 2303 . 8 28 79 . 8/3455 . 8 

92 2408 . 6 3010 . 7/361 2 . 8 

,£? ^Si3.3 3141 . 6/3769 .9 

100 12618. 013272. 51^977 Q 



274.9 
320.7 
366.5 
412.3 
458.1 

504.0 
549.8 
595.6 
641.4 
687.2 

733.0 
778.8 
824.6 
870.5 
916.3 

1007.9 
1099.6 
1191.2 
1282.8 
1374.4 

1466 . 1 
1557.7 
1649.3 
1738.5 
1832.6 

1924.2 
2015.9 
2107.5 
2199.1 
2290.7 

2382.4 
2474.0 
2565.6 
2657.3 
2748.9 

2932.2 
3115.4 
3298.7 
3481.9 
3665.2 



314.2 
366.5 
418.9 
471.2 
523.6 

576.0 
628.3 
680.7 
733.0 
785.4 

837.8 
890.1 
942.5 
994.8 
1047.2 

1151.9 
1256.6 
1361.4 
1466 . 1 
1570.8 

1675.5 
1780.2 
1885.0 
1989.7 
2094.4 

2199.1 
2303.8 
2408.6 
2513.3 
2618.0 

2722.7 
2827.5 
2932.2 
3036.9 
3141.6 

3351.0 
3560.5 
3769.9 
3979.4 
4188.8 



392.7 
458.1 
523.6 
589.0 
654.5 

720.0 
785.4 
850.8 
916.3 
981.7 

1047.2 
1112.7 
1178.1 
1243.5 
1309.0 

1439.9 
1570.8 
1701.7 
1832.6 
1963.5 

2094.4 
2225.3 
2356.2 
2482.1 
2618.0 

2748.9 
2879.8 
3010.7 
3141.6 

3272.5 

3403.4 
3534.3 
3665.2 
3796.1 
3927.0 

4188.8 
4450.6 
4712.4 
4974.2 
5236.0 



471.2 
549.8 
628.3 
706.8 
785.4 

863.9 

942.5 

1021 .0 

1099.6 

1178.1 

1256.6 
1335.2 
1413.7 
1492.3 
1570.08 

1727.9 
1885.0 
2042.0 
2199.1 
2356.2 

2513.3 
2670.4 
2827.4 
2974.5 
3141.6 

3298.7 
3455.8 
3612.8 
3769.9 
3927.0 

4084.1 
4241.2 
4398.2 
4555.3 
4712.4 

5026.5 
5340 . 7 
5654.9 
5969.0 
6283.2 



549.8 
641.4 
733.0 
824.7 
916.3 

1007.9 
1099.6 
1191.2 
1282.8 
1374.4 

1466.1 
1557.7 
1649.3 
1741.0 
1832.6 

2015.9 
2199.1 
2382.4 
2565.7 
2748.9 

2932.1 
3115.4 
3298.7 
3477.0 
3665.2 

3848.5 
4031.8 
4215.0 
4398 . 2 
4581.5 

4764.8 
4948.0 
5131.2 
5314.5 
5497.8 

5864.3 
6230.8 
6597.3 
6963.9 
7330.4 



628.3 
733.0 
837.8 
942.5 
1047.2 

1151.9 
1256.6 
1361.4 
1466.1 
1570.8 

1675.5 
1780.2 
1885.0 
1989.7 
2094.4 

2303.8 
2513.3 
2722.7 
2932.2 
3141.6 

3351.0 
3560.5 
3769.9 
3979.4 
4188.8 

4398.2 
4607.7 
4817.1 
5026.5 
5236.0 

5445.4 
5654.9 
5864.3 
6073.7 
6283.2 

6702 . 1 
7120.9 
7539.8 
7958.7 
8377.6 



3848.4\439&.2\^^^T .Afi^^l A^^'^J^'^^^^SeX 
4031 .714607 .iVSTS^ .Oi^^W -^V^^Je: V^^^^C "l. 

4215 .oUan .\W\ .^V^T.^ -^A^^^St; \^^ - 

4398 .2\5020 .SW*^ A^^^^^'^^Vbl^^^^Si 
4581.515236 .0\e»S4SM2Bi32iS^-;=^^^ 
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H Horsepower of Leather Belting ^| 


■ Single Bella ^| 


Single Belt 1 Inch Wide Gives 1 H. P. at 800 Ft. per Min. 


Belt 


Belt Width. Inches 


Sp^ed. 




3 


4 


5 


6 




8 


9 


10 


600 


2.4 


3-2 


4.0 


4-8 


5,6 


6.4 


7.1 


7,9 


900 


3.6 


4.7 


5.9 


7,1 


8,3 


9-S 


10.6 


11.8 


■ 1200 


4.7 


6.3 


7.9 


9,4 


ll.O 


12,6 


14,2 


15,7 


K 1500 


5.8 


7.8 


9.7 


11-6 


13,6 


15. S 


17,5 


19,4 


■ 1800 


6.9 


9.i 


11.5 


13.9 


16,2 


18.5 


20,8 


23.1 


W 2100 


7.5 


10.7 


13.3 


16.5 


18,6 


21.8 


23-9 


26-6 


2400 


9.0 


12 


15.1 


18.1 


21,1 


24.1 


27-1 


30.1 


2700 


9.9 


13.2 


16,6 


19.9 


23.2 


26-5 


29.8 


33,1 


3000 


10.8 


14.4 


18.1 


21.7 


25,3 


28-9 


32,5 


36,1 


3300 


11.7 


15.5 


19.4 


23.3 


27.2 


31-1 


34,9 


33.8 


3600 


12.5 


16.6 


20-8 


24.9 


29,1 


33.2 


37-4 


41,5 


4200 


13.8 


18-4 


23-0 


27.6 


32.2 


36.8 


41.4 


46,0 


4800 


14.7 


19.6 


24.5 


29,4 


34,3 


39.0 


44,1 


49,0 


5400 


15-3 


20.4 


25,5 


30.6 


35-7 


40,8 


45.9 


51-0 


6000 


15-3 


20.4 


25,5 


30.6 


35-7 


40,8 


45,9 


51.0 


Belt 


Belt Width. Inches 
























Minute 


11 


n 


14 


16 


18 


20 


22 


H 


600 


8.7 


9.5 


11,1 


12.7 


14-3 


15-9 


17.4 


19,0 


900 


13.0 


14.2 


16,6 


18.9 


21.3 


23,6 


26,0 


28-4 


1200 


17.3 


18.9 


22.0 


25.2 


28,3 


31,4 


34,6 


37-7 


1500 


21,3 


23-3 


27-7 


31-0 


34-9 


38.8 


42.7 


46,5 


1800 


25.3 


27-7 


32-3 


36-9 


41,5 


46,2 


50,8 


55-3 


2100 


29.2 


31.9 


37.2 


42.5 


47,8 


53,2 


58-5 


64.2 


2400 


33.1 


36.1 


42.1 


48-2 


54,2 


60.2 


66.2 


72.2 


2700 


36.4 


39-7 


46.1 


52,9 


59,6 


66 2 


72,8 


79.9 


3000 


39.7 


43.3 


50.1 


57,7 


65,0 


72,2 


79,3 


86.6 


3300 


42.7 


46.5 


54.2 


62,1 


69,9 


77-6 


81,3 


93.1 


3600 


45.7 


49.8 


58,2 


66-4 


74,7 


83-0 


91.3 


99.6 


4200 / S0.6 1 55.2 


64,4 


73,6 


82.8 


92,0 


101,2 


110.4 


4S00 53.9 5S.8 


68.6 


78-4\88.2\ 9?..0\\&T.%\\\T-<i 


S400 56.1 61.2 


71 4 


81 6 \91.&\vO-i,ft\\U.A™--'' 


fOOo/56.1 J61.2 


71-4 


81,6\9V.a\wi.'\v\^,lWA 


K 
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Horsepower of Leather Belting 

Double BelU 

Double Belt 1 Inch Wide gives 1 H. P. at 560 Ft. per Min. 



Belt Speed. 
Feet per 
Minute 


BnU Width, Inches 


6 


7 


a 


, 


10 


12 


„ 


16 


la 


20 


1800 

I7CW 
JOOO 

}600 
4200 


27.1 
37:2 


14:2 

49.9 
SS,3 


36.5 
63:2 


41,0 
5S:7 

71:0 


45-0 

'A', 

61 9 

66,5 

71,3 
78-9 

l|:S 


32!: 
54.7 

85,5 


ii 

63,8 
«6,( 

III 


63.2 

99:0 

106.4 
139:8 


i;i 

71,1 

92:b 

102.0 

!iJ:; 
111 

IS?:! 


79:0 
113:3 
141,5 

174:7 


Belt Speed 


Ee,t Width. Inche. 


2i 


24 


26 


28 


30 


,1 


36 


40 


<4 


4« 


ISM 

2700 
3600 

§1 


29.9 

ISO-! 

m'.i 


32. ( 

ili.i 
IS?;? 

171.1 

201 :i 


35 .3 

Si'.l 

118 5 
147 ii 

18S,; 
IB'.; 
27;; 


92!! 
86.3 

23s',; 

2M, 


W.7 
111 

170 :< 
199:1 

\ 


111 

106 ;i 

212:9 

228 ,i 


48.! 

96:1 

119.; 

1IS1.I 

1S6.S 


132:; 

266:: 

285.1 


13:! 
!!!;: 

226 :i 
Z92;' 

313. S 


129:2 

247:5 
319:3 
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Horsepower of 



1. Headshafts 

Headshafts are those which receive or deliver power in rela- 
tively large units, as in jackshafts or the receiving-pulley sec- 
tions of llneshafts, where bearings may be placed close, to re- 
lieve the shaft of the bending action due to the tension of belts 
or ropes and the weight of pulleys, sheaves, etc. 

Horsepower = cube of diameter in inches X speed in rotations 

per minute -^ 125. 



Shaft 

Diameter, 

Inches 


SPEED, ROTATIONS PEP 


. MINUTE 




100 


125 


150 


175 


200 


250 


300 


400 


2H 

2h 
2% 
2% 


8.18 
11.6 
15.5 
20.3 


10.2 
14.5 
19.4 
25.4 


12.3 
17.4 
23.3 
30.4 


14.3 
20.3 
27.2 
35.5 


16.4 
23.2 
31.1 
40.6 


20.5 
29.0 
38.8 
50.7 


24.5 
34.8 
46.6 
60.8 


32.7 
46.4 
62.1 
81.1 


3Ji 
3% 
3% 


25.9 
32.5 
40.1 
48.8 


32.4 
40.6 
50.1 
61.1 


38.9 
48.8 
60.2 
73.3 


45.3 
56.9 
70.2 
85.5 


51.8 
65.0 
80.2 
97.7 


64.8 
81.3 

100 

122 


77.7 
97.5 

120 

147 


104 
130 
160 
195 


4% 
4% 


58.7 
69.9 
82.4 
96.3 


73.4 
87.4 

103 

120 


88.1 
105 
124 
144 


103 
122 
144 
169 


117 
140 
165 
193 


147 
175 
206 
241 


176 
210 
247 
289 


235 
280 
330 
385 


5H 

5% 
6 


112 
129 
147 
167 


140 
161 
184 
209 


168 
193 
221 
251 


195 
225 
258 
293 


223 
257 
294 
335 


279 
322 
368 
419 


335 
386 
442 
502 


447 
514 
589 
670 


6}4 


220 
277 
US I 


275 
ill 1 


330 
416 


384 
485 
591 
717 


439 

555 
\675 
\&19 


549 
694 

\%44 


659 
832 
\ 


879 
\ 


S 410 isiO \Mi. 


\ 


\. . 


-_/ / 


„ I 


■ 


\ 


\ 


\ 
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Horsepower of Shafting 

2. Lineshafts 

Supported by Bearings every 8 to 10 Feet 

Lineshafts are those from which power in relatively small 
units is delivered at various intervals, in various directions, 
from pulleys not always close to bearings. 

Horsepower = cube of diameter in inchesXspeed in rotations 

per minute -j- 90. 



Shaft 

Diameter, 

Inches 



SPEED. ROTATIONS PER MINUTE 
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Horsepower of Shafting 

3. Transmission Shafts 

Supported by bearings every 10 to 12 feet 

Transmission shafts are those which, carried in regiilarly 
spaced bearings and simply transmitting power, are subject to 
no bending stresses due to receipt or delivery of power at inter- 
mediate points. 

Horsepower = cube of diameter in inches X speed in rotations 

per minute -^ 60. 



Shaft 


SPEED. ROTATIONS PER MINUTE 


















Inches 


100 


125 


150 


175 

4.88 


200 


250 


300 


400 


iH 


2.79 


3.49 


4.19 


5.58 


6.98 


8.37 


11.2 


ih 


4.95 


6.19 


7.43 


8.66 


9.90 


12.4 


14.9 


19.8 


m 


8.01 


10.0 


12.0 


14.0 


16.0 


20.0 


24.0 


32.0 


1% 


12.1 


15.2 


18.2 


21.2 


24.2 


30.3 


36.4 


48.5 


2H 


17.4 


21.8 


26.2 


30.5 


34.9 


43.6 


52.3 


69.9 


2Ji 


24.1 


30.2 


36.2 


42.2 


48.3 


60.4 


72.4 


96.6 


2% 


32.4 


40.4 


48.5 


56.6 


64.7 


80.9 


97.4 


129 


2% 


42.2 


52.8 


63.4 


73.9 


84.5 


106 


127 


169 


3H 


54.0 


67.5 


81.0 


94.5 


108 


135 


162 


216 


3h 


76.7 


95.9 


114 


133 


152 


191 


229 


306 


3% 


83.6 


104 


125 


146 


167 


209 


251 


334 


3% 


102 


127 


153 


178 


203 


254 


305 


407 


45l5 


122 


153 


184 


214 


245 


306 


367 


490 


^J4 


146 


182 


218 


255 


291 


364 


437 


582 


m 


172 


215 


256 


300 


343 


429 


515 


687 


m 


201 


251 


301 


351 


401 


502 


602 


802 


SH 


233 


291 


349 


407 


465 


582 


698 


931 


SJH 


268 335 1 


402 


469 


536 


670 


804 




SM k 


W 383 460 


537 


613 


\ie>i 


m^ 


V 


6 3'. 


i9 4^0 «;9« 


618 


no& 


Wi 


\ 


\ 


J 


/ 






\ 


\ 
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Toothed Gearing 

Pitch Diameters for 1-Inch Circular Pitch 

For any other pitch, multiply by that pitch 



Num- 


Pitch 


Num- 


Pitch 


Num- 


Pitch 


Num- 


Pitch 


Num- 


Pitch 


ber 


Diam- 


ber 


Diam- 


ber 


Diam- 


ber 


Diam- 


ber 


Diam- 


of 


eter, 


of 


eter, 


of 


eter, 


of 


eter, 


of 


eter, 


Teeth 


Inches 


Teeth 


Inches 


Teeth 


Inches 


Teeth 


Inches 


Teeth 


Inches 


11 


3.50 


26 


8.28 


41 


13.05 


56 


17.83 


71 


22.60 


12 


3.82 


27 


8.60 


42 


13.37 


57 


18.14 


72 


22.92 


13 


4.14 


28 


8.91 


43 


13.69 


58 


18.46 


73 


23.24 


14 


4.46 


29 


9.23 


44 


14.00 


59 


18.78 


74 


23.56 


15 


4.78 


30 


9.55 


45 


14.33 


60 


19.10 


75 


23.88 


16 


5.09 


31 


9.87 


46 


14.67 


61 


19.42 


76 


24.19 


17 


5.41 


32 


10.19 


47 


14.96 


62 


19.74 


77 


24.51 


18 


5.73 


33 


10.50 


48 


15.28 


63 


20.06 


78 


24.83 


19 


6.05 


34 


10.82 


49 


15.60 


64 


20.37 


79 


25.15 


20 


6.37 


35 


11.14 


50 


15.92 


65 


20.69 


80 


25.47 


21 


6.69 


36 


11.46 


51 


16.24 


66 


21.01 


81 


25.79 


22 


7.00 


37 


11.78 


52 


16.55 


67 


21.33 


82 


26.10 


23 


7.32 


38 


12.10 


53 


16.87 


68 


21.65 


83 


26.42 


24 


7.64 


39 


12.42 


54 


17.19 


69 


21.97 


84 


26.74 


25 


7.96 


40 


12.73 


55 


17.51 


70 


22.28 


85 


27.06 



Diametral and Circular Pitch 
Equivalents 

Diametral Pitch is the number of teeth per inch of 

pitch diameter 



Dia- 


Circular 


Dia- 


Circular 


Dia- 


Circular 


Dia- 


Circular 


metral 


Pitch, 


metral 


Pitch, 


metral 


Pitch. 


metral 


Pitch, 


Pitch 


Inches 


Pitch 


Inches 


Pitch 


Inches 


Pitch 


Inches 


Yt. 


6.2832 


2^ 


1 . 2566 


8 


.3927 


20 


.1571 


% 


4.1888 


2H 


1 . 1424 


9 


.3491 


22 


.1428 


1 


3.1416 


3 


1.0472 


10 


.3142 


24 


.1309 


l>i 


2.5133 


3J^ 


.8976 


11 


.2856 


26 


.1208 


13^ 


2.0944 


4 


.7854 


12 


.2618 


28 


A 122 


IJi 


1 . 7952 


5 


.6283 


14 


I .114^^ ^^ 


\ .NSi^^ 


2 / 1.S70SI 


6 


.5236 


ii ^^ 


\ .\^t>^\ '^'I 




2^ 1.3963 


7 


.4488 


|>. 


\ An4! 


^X" 
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Horsepower of Cast Iron Gears 

Spur Gears with Molded Teeth 

For gears larger than given, take double the horsepower of 
a gear of half the size. 

Proportionate horsepowers for other speeds and for other face 
iMdths. 

For miter and bevel iron gears, multiply tabular horsepowers 
by 0.7. For gears of cast steel, tnultiply by 23^. 



10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 



' 


Circular Pitch, Inches 


Number 


% 


% 


1 


l}4 


IM 


IM 


2 


2H 


3 


of 


Face Width, Inches 


Teeth 


IM 


2 


lYi 


3 


4 


5 


6 


7H 


9 




Horsepower per 100 R. P. M. 



0.4 

.5 
.5 
.6 
.6 

.7 

.7 
.7 
.8 
.8 
.9 

.9 
1.0 
1.0 
1.1 
1.1 



1 
1 
1 
1 
1 



1 
2 
2 
3 
3 



0.8 

.9 
1.0 
1.1 
1.1 
1.2 

1.3 
1.4 
1.5 
1.5 
1.6 

1.7 
1.8 
1.9 
2.0 
2.0 

2.1 
2.2 
2.3 
2.4 
2.4 



311J 1.4 2.5 
S2 1.4 / 2.6 
^S 1.5 2.7 
S4 1,5 2.8 
^^ 1.5 2.8 



1.3 



2.5 



9.9 
10.4 
10.8 
11.3 
11.8 



8.1 

8.9 

9.7 

10.5 

11.3 

12.1 

12.9 
13.7 
14.5 
15.3 
16.1 

16.9 
17.7 
18.5 
19.3 
20.1 

20.9 
21.7 
22.5 
23.4 
24.2 



11.5 

12.7 
13.8 
15.0 
16.1 
17.3 

18.4 
19.6 
20.7 
21.9 
23.0 

24.2 
25.3 
26.5 
27.6 
28.8 

29.9 
31.1 
32.2 
33.4 
34.5 



22.5 

24.8 
27.0 
29.3 
31.5 
33.8 

36.0 
38.3 
40.5 
42.8 
45.0 

47.3 
49.5 
51.8 
54.0 
56.3 

58.5 
60.8 
63.0 
65.3 
67.5 



14.6 25.0 35.7 69.8 125.5 
15.1 25.8 36.8 72.0129.6 

15 . 5\ 26 .(>\ 3>^ .^\ n^v .mss .6 

16 . 5\ 1^ .2\ ^Q .A ^^ A'^'^^ -"^ 



40.5 

41.6 
48.7 
52.7 
56.8 
60.8 

64.9 
68.9 
72.9 
77.0 
81.0 

84.1 
89.1 
93.2 
98.2 
101.2 

105.3 
109.3 
113.4 
117.4 
121.5 
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Horsepower of Cast Iron G^ars 

Continued 




Circular Pitch, Inches 


Number 


M 


U 


1 


IM 


IH 


IH 


2 


2H 


3 


of 


Face Width. Inches 


Teeth 


1>^ 


2 


2H 


3 


4 


5 


6 


7M 


9 




Horsepower per 100 R. P. M. 



36 
37 
38 
39 
40 

41 
42 
43 
44 

45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 



1.6 
1.6 
1.7 
1.7 
1.8 

1.8 
1.8 
1.9 
1.9 
2.0 

2.0 
2.1 
2.1 
2.2 
2.2 

2.2 
2.3 
2.3 
2.4 
2.4 

2.5 
2.5 
2.6 
2.6 
2.6 

2.7 
2.7 
2.8 
2.8 
2.9 



i-'l 



2.9 
3.0 
3.1 
3.2 
3.3 

3.3 
3.4 
3.5 
3.6 
3.7 

3.7 
3.8 
3.9 
4.0 
4.1 

4.2 
4.2 
4.3 
4.4 
4.5 

4.6 
4.6 
4.7 
4.8 
4.9 

5.0 
5.0 
5.1 
5.2 
5.3 



4.7 
4.8 



5 
5 
5 




1 
2 



5.4 
5.5 
5.6 
5.8 
5.9 

6.0 
6.2 
6.3 
6.4 
6.5 

6.7 
6.8 
6.9 
7.1 
7.2 

7.3 
7.5 
7.6 
7.7 
7.9 

8.0 
8.1 
8.3 
8.4 
8.5 



8.9 
9.1 
9.3 
9.6 
9.8 

10.1 
10.3 
10.6 
10.8 
11.1 

11.3 
11.6 
11.8 
12.0 
12.3 

12.5 
12.8 
13.0 
13.3 
13.5 

13.8 
14.0 
14.3 
14.5 
14.8 

15.0 
15.3 
15.5 



16.9 
17.4 
17.9 
18.4 
18.8 

19.3 
19.8 
20.2 
20.7 
21.2 

21.7 
22.1 
22.6 
23.1 
23.5 

24.0 
24.5 
25.0 
25.4 
25.9 

26.4 
26.8 
27.3 
27.8 
28.3 

28.7 
29.2 
29.1 



29.0 
29.8 
30.6 
31.4 
32.2 

33.0 
33.8 
34.6 
35.4 
36.2 

37.0 
37.8 
38.6 
39.4 
40.2 



41 
41 
42 
43 
44 



45.1 
45.9 
46.7 

47.5 
48.3 

49.1 
49.9 



41.4 
42.5 
43.7 
44.8 
46.0 

47.1 
48.3 
49.4 
50.6 
51.7 

52.9 
54.0 
55.2 
56.3 
57.5 

58.6 
59.8 
60.9 
62.1 
63.2 

64.4 
65.6 
66.7 
67.8 
69.0 



81.0 
83.3 
85.5 
87.8 
90.0 

92.3 
94.5 
96.8 
99.0 
101.3 

103.5 
105.7 
108.0 
110.3 
112.5 



114.8 
117.0 
119.3 
121.5 
123.8 



126.0 
127.3 
130.5 
132.8 
135.0 



70.1 137.3 247.0 
71.3 139.5251.0 



145.8 
149.8 
153.9 
157.9 
162.0 

166.0 
170.0 
174.1 
178.1 
182.2 

186.2 
190.3 
194.3 
198.4 
202.4 

206.5 

210.5 

214.6 

218.6. 

222.7 

226.7 
230.8 
234.8 
238.9 
242.9 



16 .0\ JO .6\ SI A 1^ AVNfc -^^^ n- 
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Weights pf Steel Angles 

With Fillet 
Pounds, per Lineal Foot 


$>iKP 


Thickness. Inchies 


Inches 


H 


%, 


Ya, 


A 


% 


A 


« 


y% 


Va, 


^x H 


0.5 
0.6 
0.7 
0.8 

0.9 
1.0 
1.2 
1.4 

• • • • • 

1.9 

lA 
lA 


















Jix H 


0.8 
1.0 
1.2 

1.3 
1.5 
1.8 
2.1 

2.1 
2.5 
2.3 
2.8 

2.4 
2.6 
2.8 
3.0 

3.5 
3.1 
















14^ y^ 
















1 xl 


1.5 

1.7 
1.9 
2.4 

2.8 

2.8 
3.2 
3.0 
3.7 

3.2 














1^x13^ 


2.1 
2.4 
2.9 
3.4 

3.4 
4.0 
3.7 
4.5 

3.9 












IJixlJi 












iHxlJ^ 


3 4 
4.0 

4.0 
4.7 
4.3 
5.3 

4.6 




• 






1^x15^ 


4.6 








2 xlH 








x2 


5.3 
5.0 
6.1 

5.3 








2JixlJ^ 


5.5 
6.8 

6.0 






x2M 






2}^xlJ^ 






xlM 






x2 


3.7 
4.1 

4.5 
4.1 
4.5 
4.9 

4.9 


4.5 
5.0 

5.5 
5.0 
5 5 
6.1 

6.1 
6.6 
7.1 

7.1 


5.3 
5.9 

6.6 
5.9 
6.6 
7.2 

7.2 
7.8 
8.5 

8.5 
9.1 
9.8 

9.8 
11.0 
12.3 

12.3 


6.1 
6.8 

7.6 
6.8 
7.6 

8.4 

8.3 
9.1 
9.8 

9.8 
10.5 
11.3 

11.3 
12.8 
14.3 


6.8 

7.7 

8.5 
7.7 
8.5 
9.4 

9.4 
10.2 
11.1 

11.1 
11.9 
12.8 

12.8 
14.5 
16 2 






x2}^ 
2Jix2?i 


9.3 




3 x2 






x2H 






x3 
3Hx2}^ 


2.6 




11.4 

11.4 
12.5 
13.6 

13.6 
14.6 
15.7 

15.7 
17.8 
20.0 


13.4 


x3 






14.7 


x3M 






5.7 


16.0 


4 x3 






i6:o 


x33^ 








17.2 


x4 

5 x3 




5.2 


6.6 


8.2 
8.2 


18.5 
18.5 


x4 








21.1 


x5 










23.6 


^ x4 /. 


:, : 7 


. . . . 1 






\\4.:i\V6 1 


m.e^ 


x6 1 










14.4 \n-1 U^.GU^.lXl^n 






""\ 








\ 


\ 


\ 


\ 
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Weights of Round and Square Iron 

Ji-inch steel plate weighs approximately 10 pounds per 

square foot 

The weight of all rolled steel, in pounds per running foot, is 
appro^dmately 3}4 times the sectional area in square inches 





Weight, Pounds per 
Lineal Foot 




Weight, Pounds per 






Lineal Foot 


Size, 




• 


Size, 
Inches 






Inches 












• 


■ 




• 


■ 




Round 


Square 




Round 


Square 


H 


.094 


.120 


2H 


12.06 


15.35 


Ji 


.167 


.213 


2H 


13.52 


17.22 


H 


.261 


.332 


2% 


15.07 


19.18 


H 


.376 


.478 














2H 


16.69 


21.25 


}i 


.511 


.651 


2% 


18.40 


23.43 


J/^ 


.668 


.850 


2% 


20.20 


25.71 


H 


.845 


1.076 


2% 


22.07 


28.10 


H 


1.043 


1.328 














3 


24.03 


30.60 


% 


1.262 


1.607 


3M 


28.20 


35.92 


H 


1.502 


1.913 


iy2 


32.71 


41.65 




1.763 


2 . 245 


3H 


37.56 


47.82 


J^ 


2.044 


2.603 














4 


42.73 


54.40 


% 


2.347 


2.989 


4Ji 


48.24 


61.41 


1 


2.670 


3.400 


4J^ 


54.07 


68.85 


l« 


3.014 


3.838 


4M 


60.25 


76.71 


IH 


3.379 


4.303 














5 


66.76 


85.00 


ih 


3.766 


4.795 


5M 


73.60 


93.72 


lU 


4.173 


5.312 


5y2 


80.77 


102 . 80 


iH 


4.600 


5.857 


5M 


88.29 


112.4 


m 


5.049 


6.428 














6 


96.14 


122.4 


VA 


5.518 


7.026 


tVi 


112.8 


143.6 


IH 


6.008 


7.650 


7 


130.9 


166.6 


^% 


6.520 


8.301 


7H 


150.2 


191.3 


iVs 


7.051 


8.978 














8 


171.0 


217.6 


iH 


8.178 


10.41 


, 8K 


I \9i .^ 


V^^^.^ 


IH . 


9.388 


11.95 


\ 10 


\ itn ,^ 


X^t*^-^ 


' 1 


10.68 


13.60 


V 


\ ij 


>i fiiSfi .^ 
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Weights of Flat Steel 

Pounds per Linear Foot 

Weight Basis— 489.6 Pounds per Cubic Foot 



Width, 

Inches 



% 

% 
1 

IM 
IH 

2 

2Ji 
2H 
2% 
3 

3K 

IVi 

3% 
4 

i'A 
5 

6 

7 

7H 
8 

sy2 

9 
10 



Thickness, Inches 



H 



.212 
.266 
.319 
.424 

.532 
.638 
.744 
.850 

.956 
1.06 
1.168 
1.28 

1.38 
1.48 
1.59 
1.70 

1.91 
2.12 
2.34 
2.55 

2.76 
2.97 
3.19 
3.40 

3.61 
3.82 
4.04 
4.25 



% 



.319 
.398 

.478 
.638 

.797 
.956 
1.12 
1.28 

1.44 
1.59 
1.75 
1.91 

2.08 
2.24 
2.40 
2.55 

2.87 
3.18 
3.51 
3.83 

4.14 
4.46 
4.78 
5.10 

5.42 
5.74 
6.06 
6.38 



M 



.425 
.531 
.638 
.850 

1.06 
1.28 
1.48 
1.70 

1.91 
2.12 
2.34 
2.55 

2.76 
2.98 
3.19 
3.40 

3.82 
4.24 
4.67 
5.10 

5.53 
5.95 
6.36 
6.80 

7.22 
7.65 
8.08 
8.50 



JO/^ 14.46 16.76 8.92 

//^ 4.68 7.02 \ 9 34 

//^ 4.90 7.34 \ 9.76 

^2 Is. 10 7.66 10.20 



.531 
.664 
.797 
1.06 

1.32 
1.59 
1.86 
2.12 

2.39 
2.65 
2.92 
3.19 

3.45 
3.72 
3.99 
4.25 

4.78 
5.31 
5.84 
6.35 

6.90 
7.44 
7.96 
8.50 

9.03 

9.56 

10.10 

10.62 



H 



.638 
.797 
.956 
1.28 

1.59. 
1.92 

2.23 
2.55 

2.87 
3.19 
3.51 
3.83 

4.15 
4.47 
4.78 
5.10 

5.74 
6.38 
7.02 
7.65 

8.29 

8.93 

9.57 

10.20 

10.84 
11.48 
12.44 
12.75 

13.39 



H 



% 



.850 
1.06 
1.28 
1.70 

2.12 
2.55 
2.98 
3.40 

3.83 
4.25 
4.67 
5.10 

5.53 
5.95 
6.38 
6.80 

7.65 

8.50 

9.35 

10.20 

11.05 
11.90 
12.75 
13.60 

14.44 
15.30 
16.16 
17.00 



1.28 
1.59 
1.92 
2.55 

3.19 
3.83 
4.47 
5.10 

5.75 
6.38 
7.02 
7.65 

8.29 

8.93 

9.57 

10.20 

11.48 
12.75 
14.03 
15.30 

16.58 
17.85 
19.13 
20.40 

21.68 
22.96 
24.23 
25.50 



1.70 
2.12 
2.55 
3.40 

4.25 
5.10 
5.95 
6.80 

7.65 

8.50 

9.35 

10.20 

11.05 
11.90 
12.75 
13.60 

15.30 
17.00 
18.70 
20.40 

22.10 
23.80 
25.50 
27.20 

28.90 
30.60 
32.20 
34.00 



11.16 13.39 17.85 26.7835.10 

11 . 68 114 .03 \\% .1^ \1"^ .Qft^T .40 

12 . 22 \14 .66 \\9 .SS \1^ .^^l!ft .\^ 
12 . 70 \15 .30 \lO .^0 \^0 .6KMa.%ft 
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Weights of Iron and Steel 

Pounds Per Square Foot 

U. S. Standard Gauges — H Inch and Less 



Thickness 


Weight per Square 
Foot, Pounds 


Thickness 


Weight per Square 
Foot, Pounds 


9i 
5 O 


Decimals 


Iron 


Steel 


0} 

?6 


Decimals 


Iron 


Steel 


O 


of an Inch 






14 


of an Inch 






7-0's 


0.5 


20.00 


20.4 


.078125 


3.125 


3.1875 


6-0's 


.46875 


18.75 


19.125 


15 


.0703125 


2.8125 


2 . 86875 


5-0's 


.4375 


17.50 


17.85 


16 


.0625 


2.5 


2.55 


0000 


.40625 


16.25 


16.575 


17 


.05625 


2.25 


2.295 


000 


.375 


15. 


15.30 


18 


.05 


2. 


2.04 


00 


.34375 


13.75 


14.025 


19 


.04375 


1.75 


1.785 





.3125 


12.50 


12.75 


20 


.0375 


1.50 


1.53 


1 


.28125 


11.25 


11.475 


21 


.034375 


1.375 


1.4025 


2 


. 265625 


10.625 


10.8375 


22 


.03125 


1.25 


1.275 


3 


.25 


10. 


10.2 


23 


.028125 


1.125 


1 . 1475 


4 


.234375 


9.375 


9 . 5625 


24 


.025 


1. 


1.02 


5 


.21875 


8.75 


8.925 


25 


.021875 


.865 


.8925 


6 


.203125 


8.125 


8.2875 


26 


.01875 


.75 


.765 


7 


.1875 


7.5 


7.65 


27 


.0171875 


.6875 


.70125 


8 


.171875 


6.875 


7.0125 


28 


.015625 


.625 


.6375 


9 


.15625 


6.25 


6.375 


29 


.0140625 


.5625 


.57375 


10 


. 140625 


5.625 


5.7375 


30 


.0125 


.5 


.51 


11 


.125 


5. 


5.1 


31 


.010985 


.4375 


.44625 


12 


. 109375 


4.375 


.4.4625 


32 


.01045625 


.40625 


.414375 


13 


.09375 


3.75 


3.825 


33 


.009375 


.375 


.3825 



Fractions of an Inch — Over H Inch Thick 



Thickness, Inches 



Frac- 
tion 



% 
% 
H 

% 



Decimal 



.5625 
.625 
.6875 
.75 

.8125 



J^ .875 
!hi .9375 

1 1. 



Weight i)er 

Square Foot, 

Pounds 



Iron 



22.73 
25.26 
27.79 
30.31 

32.84 
35.37 
37.89 
40.42 



Thickness, Inches 




Weight per 

Square Foot, 

Pounds 



Iron 



45. 
50. 
55. 
60.63 



Steel 



46. 
51. 
56.1 
61.2 
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Weights of Materials 

Pounds, Avoirdupois 



Earths and Minerals Cu. Ft. 

Asphaltum 87 .3 

Basalt 181 

Chalk 156 

Clay. Potter's, Dry 119 

Clay, Dry in Lump 63 

Earth, Common Loam, Dry, 

Loose 76 

Earth, Common Loam, Dry, 

Shaken 87 

Earth, Common Loam, Moist, 

Loose 67 

Earth, Common Loam, Moist, 

Shaken 82 

Earth, Common Loam, as Mud. 108 

Feldspar 166 

Gneiss, Common 168 

Gneiss, Loose Piles 96 

Granite, Solid 170 

Gravel 117 

Gypsum, Ground, Loose 56 

Gypsum in Irregular Lumps. ... 82 

Gypsum, Shaken 64 

Hornblende 203 

Limestone, Piled 96 

Limestone, Solid 168 

Petroleum 54 . 8 

Porphyry 170 

Quartz, Ground Loose 90 

Quartz, Shaken 105 

Quartz, Solid 165 

Sand, Coarse 117 

Sand, Fine 100 

Sandstone, Piled 86 

Sandstone, Solid 151 

Slate 175 

Sulphur 125 

Turf 25 



Metals Cu 

Aluminum 

Antimony 

Arsenic 

Brass, Cast 

Brass, Rolled 

Bronze ^ 

Copper, Pure 

Copper, Rolled 

Gold, Pure 

Gold, 20 Carat 

Iron, Cast 

Iron, Pure 

Iron, Wrought 

Lead, Hammered 

Lead, Pure 

J^snganese 

^/^tinum. Pure. .' . 

^/t'^r"""' ^''"''^ •■'■•••• • 

'^ff/'f^^^'''-- 

«?«/, Soft. 



. In. 
.090 
.244 
.208 
.282 
.300 
.315 
.318 
.321 
.697 
.568 
.261 
.281 
.282 
.412 
.410 
.290 
,706 
798 
253 
286 
283 



Metals — Contd. Cu.In. 

Tin 264 

Zinc, Cast 248 

Zinc, Rolled 260 

Woods Cu. Ft. 

Ashes, Damp 43 

Ashes,' Dry 38 

Boxwood, Dry 60 

Cherry, Dry 42 

Chestnut, Dry 41 

Cork... 15.6 

Ebony, Dry 76.1 

Elm. Dry 35 

Hemlock. Dry 25 

Hickory, Dry 53 

Lignum Vitae 83 

Mahogany, Dry 53 

Maple, Dry 49 

Oak, Red 38 

Oak, White 48 

Pine, White 25 

Pine, Yellow, Northern 34 

Pine, Yellow, Southern 45 

Spruce. Dry 25 

Sycamore, Dry 37 

Walnut, Black, Dry 38 

Green Timbers weigh from 

1-5 to 1-2 more than dry. 

Ordinarily seasoned about 

1-6 more. 

Miscellaneous Products 

Cu. Ft. 

Acid, Acetic 66 . 4 

Acid, Muriatic 75 

Acid, Sulphuric 115 .2 

Glass, Window 157 

Gunpowder, Loose 56. 1 

Gunpowder, Shaken 62 . 4 

Lard 59 . 3 

Lime, Ground, Loose 53 

Lime, Ground, Shaken 70 

Lime. Quick. Solid 95 

Mortar 103 

Oil, Linseed 58.6 

Pitch...." 71.7 

Rosin 69 

Rubber 58 

Salt, Coarse 45 

Salt, Fine 49 

Snow, Fresh Fallen 12 

Snow, Packed 50 

Sugar....' 100 

T^low 58.6 

Tar 62.4 

Turpentme S4 .3 

Vinegar ^.v*\ 

Water, Pure ^2v\ 

Water, Sea %\ 

Wine ^^-^ 
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Concrete Mixtures 

Material Required for 1 Cu. Yd. of Concrete 

Sand: 1.41, tons = l cu. yd. Stone: 1.2 tons = l cu. yd. 
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Wood Posts and Beams 

When used as posts, columns or struts, in lengths not exceed- 
ing 12 feet, timber of usual kinds will safely carry, with a factor 
of 5, unit loads as follows: 

Hemlock 500 pounds per square inch 

Oak 600 « « « « 

Yellow Pine 800 « « - « « 

White Pine 500 « « « « 

For beams or girders the safe load can be determined from 
the following relation, using yellow pine as the standard: 

Let W = Breaking load in pounds (imiformly distributed). 
B = Breadth of beam in inches. 
D = Depth of beam in inches. 
L = Distance between supports in inches. 

Then W = 9000XBXD«-5-L. 

This gives the ultimate or breaking load, and should be 
divided by a factor of safety, depending on the conditions: 

3 or 4 for roofs or floors. 

5 or 6 for suddenly applied loads. 

Since the equation above applies to yellow pine, the breaking 
load for other kinds of wood must be derived by taking: 

0.6 XW for hemlock, or white pine. 
O.SxWforoak. 

To obtain the net load, the weight of the beam itself must 
first be deducted from the breaking load, as follows: 

25 pounds per cubic foot for hemlock. 
50 " '* tt u u Q^j^ 
30 « « u u a ^j^i^ pijjg^ 

35 « « u u u ygiiQ^ pijje 

Beams will carry only half as much load concentrated at the 
middle as evenly distributed. Hence for concentrated loads, 
make calculation as above and take one-half the net uniformly 
distributed load as the proper concentrated load. 

:E:xample.— Loose bituminous coal, weigjam^ S^ V^^^ "^e* > 
fojc foot, is to be stored in an overhead buiiket M leaVwA^ «sA 
^eet long:, and the maximum depth oi the coai is \»>o^ \^ V^^V 
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Wood Posts and Beams — Continued 

How close should the floor joists be spaced if they are of 3 X 14-in. 
yellow pine? If 6-in. square yellow pine posts are to support the 
structure, how many will be required? 

JOISTS— For the joists, B = 3, D = 14, L = 144. 

Then for the breaking load 

W = 9000X3Xl4Xl4-^144 
= 36,700 pounds. 

And safe load, with factor of 4 
= 36,700 -^4 
=9,175 pounds. 

Weight of each joist 

= cubic feet X 35 

= (3X14-M44)X12X35 

= 122.5, or 125 pounds nearly. 

Net allowable load per joist 
=9,175—125 
=9,050 pounds. 

Maximum weight of coal in bunker 
= 12X60X10X50 
=360,000 pounds. 

Number of joists required 
= 360,000-5-9,050 
= 39.78, or 40 joists. 

Spacing of joists on centers 
= 60-5-40 
= 1.5 ft., or 18 in. 

POSTS— Maximtun weight of coal .360,000 pounds 

Approximate weight of bimker . . 50,000 ** 

Total weight to be supported 410,000 * 

Safe load for a 6-in. yellow pine post 
= 6X6X800 
= 28,800 pounds. 

Number of such posts required 
=410,000 -r 28,800 
= 14.23, or 15 posts. 

Actually, 16 or more posts would \Vke\v >oe >as«^ 
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Temperatures 

At Atmospheric Pressure 

Degrees Fahrenheit and Centigrade 



Ammonia 

Wood Alcohol . . . 
Grain Alcohol . . . 

Benzine. . .' 

Water 

Sea Water 

Saturated Brine. . 



Fahr. 


Cent. 


Degrees 


Degrees 


140 


60 


150 


66 


173 


79 


176 


80 


212 


100 


213 


101 


226 


108 



Nitric Acid. . . . 
Turpentine. . . . 
Phosphorus.. . . 

Sulphur 

Sulphuric Acid 
Linseed Oil. . . , 
Mercury 




Cent. 
Degrees 

120 
139 
272 
281 
292 
296 
340 



Melting Temperatures 



Mercury 

Turpentine. . . 

Ice 

Nitroglycerine 

Tallow 

Phosphorus . . 

Wax 

Sulphur 

Tin 

Bismuth 

Lead 

Zinc 

Antimony. . . . 



Fahr. 


Cent. 


Degrees 


Degrees 


—39 


—39 


14 


10 


32 





45 


7 


92 


33 


112 


44 


150 


66 


239 


115 


446 


230 


507 


264 


621 


327 


787 


419 


815 


435 



Cent. 
Degrees 



Aluminum 

Bronze 

Silver 

Glass 

Brass 

Gold 

Copper 

Iron, White Pig 
Iron, Gray Pig. . 

Steel 

Nickel 

Manganese 

Platinum 




Fusible Metals — Melting Temperatures 



Cent. 
Degrees 
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Total Coal Contents of Seams 
of Different Thicknesses 



Short Tons 



Density of Coal Assumed as 1.28; or 
25 Cubic Feet per Ton of 2,000 Pounds 



Height of 


Tons of Coal, 
per Acre 


Tons per 

Square 

Foot 

Undercut 


Depth of Undercut 


Coal, 


5 Ft. 


6 Ft. 


7 Ft. 


Inches 


Tons per Lineal Foot of Face 


24 
28 
32 
36 


3485 
4070 
4645 
5225 


0.08 
.09 
.11 
.12 


0.40 

.47 
.54 
.60 


0.48 
.56 
.64 
.72 


0.56 
.65 
.75 
.84 


40 
44 
48 
54 


5810 
6390 
6970 
7840 


.133 
.15 
.16 
.18 


.67 
.73 
.80 
.90 


.80 

.88 

.96 

1.08 


.93 
1.02 
1.12 
1.26 


60 
66 
72 
78 


8715 

9580 

' 10455 

11320 


.20 
.22 
.24 
.26 


1.00 
1.10 
1.20 
1.30 


1.20 
1.32 
1.44 
1.56 


1.40 
1.54 
1.68 
1.82 


84 

90 

96 

100 


12210 
13070 
13940 
14525 


.28 
.30 
.32 
.333 


1.40 
1.50 
1.60 
1.67 


1.68 
1.80 
1.92 
2.00 


1.96 
2.10 
2.24 
2.33 


104 
108 
112 
116 


15100 
15680 
16260 
16845 


.347 
.36 
.373 
.387 


i.73 
1.80 
1.87 
1.93 


2.08 
2.16 
2.24 
2.32 


2.42 
2.52 
2.61 
2.70 


120 
126 
132 
138 


17425 

18295 
19165 
20040 1 


.40 
.42 
.44 
.46 


2.00 
2.10 
2.20 
2.30 


2.40 
2.52 

\ 2.n(> 


2.80 
2.94 
i 3.08 
\ ^.TI 


'4£_ 1 


20900 I 


.48 


1 2.40 \ 2.%% 


\ ^.-ife 
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Coal Fields of the United States 

The coal -areas of the United States are divided, for the sake 
of convenience, into two great divisions — anthracite and bitum- 
inous. 

The areas in \<diich anthracite is produced are confined ahnost 
exclusively to the eastern part of Pennsylvania. These fields, 
. which are included in the counties of Susquehanna, Lackawanna, 
Luzerne, Carbon, Schuylkill, Columbia, Northumberland, 
Dauphin and Sullivan, underlie an area of about 480 square 
miles. Two small areas in the Rocky Mountain region, Gunnis- 
son County, Colo., and Santa Fe County, N. M., have yielded 
a good quality of anthracite, though the production from these 
districts had never amounted to as much as 100,000 tons in any 
one year. Bristol, R. I., and Plymouth, Mass., have yielded 
some coal classed as anthracite. 

The bituminous and lignite fields are scattered widely over 
the United States and include an area of something over 
496,000 square miles. The lastest classification of these coal 
areas divides them into six provinces, as follows: 

(1) The Eastern province: This includes all of the bitum- 
inous areas of the Appalachian region ; the Atlantic coast region 
which includes the Triassic fields near Richmond, the Deep River 
and Dan River fields of North Carolina and the anthracite 
region of Pennsylvania. 

(2) The Gulf province: This includes the lignite fields of 
Alabama, Mississippi, Louisiana, Arkansas and Texas. 

(3) The Interior province: This includes all the bituminous 
areas of the Mississippi valley region and the coal fields of 
Michigan. This province is sub-divided into the eastern region, 
which embraces the coal fields of Illinois, Indiana and Western 
Kentucky; the western region, which includes the fields of Iowa, 
Missouri, Nebraska, Kansas, Arkansas and Oklahoma; and the 
southwestern region, which includes the coal fields of Texas. 
The Michigan fields are designated as the northern region of 
the Interior province. 

(4) The Northern or Great Plains province: This includes 
the lignite areas of N. Dakota and S. Dakota, the bituminous 
and sub-bituminous areas of northwestern Wyoming and of 
northern and eastern Montana. 

(5) The Rocky Mountain province: This includes the coal 
fields of the mountainous districts ol M.oTv\;axva. ^tA ^^^'^"^^^^snsi, 
and all the coal fields of Utah, CoVorado aiv^^e^ "^e»Ra. 

(6) The Pacific Coast province: T\as mcV>3AftS ^ ^'^'^^ "^"^ 
oelds of California, Oregon and ^ashm^ori. 
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Coal Production in the United States 

From the Earliest Times to the Close of 191S 

So far aa known the first mention of the occurrence of coal in 
the United States is made in the journal of Father Hennepin, a 
• French Jesuit Missionary, who in 1679, recorded the site of a 
"cole mine" on the Illinois River, near the present city of Ottawa, 
111. The first actual mining of coal was in the Richmond Basin, 
Virginia, about 1750, although the first records of production 
from these mines are for the year 1822, when, according to one 
authority, 54,000 tons were mined. Ohio probably ranks second 
in priority of production, as coal was discovered there in 1755, 
though the records of production date back only to 1838. 

The mining of anthracite in Pennsylvania began about 1790 
and it is said that in 1807, 55 tons were shipped to Columbia, Pa. 
Reports of the anthracite coal trade are usually begtm with the 
year 1820, when 365 long tons were shipped to Philadelphia from 
the Lehigh region. Prior to this, however, in 1814, a shipment 
of 22 tons was made from Carbondale to Philadelphia, and pro- 
duction may historically be considered as dating from that year. 

Production and use of coal, both bituminous and anthracite, 
have continued from those early days at a constantly increasing 
rate as industry has created the market. The annual produc- 
tion, bituminous and anthracite combined, reached a hundred 
million tons in 1882, two hundred millions in 1897, three himdred 
in 1902, four hundred in 1906, five hundred in 1910 and six httn- 
dred millions nearly, in 1916. Then the war years of special 
eiTort yielded more than 650 million tons Vn V^VI , ^Si4 Tis^'e^ 
^OOmniions in 1918. 
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Coal Production for 1918 

Early Estimate 

• nest page 



For 1917 Production, i 





Produclion 


iS"' 


Decreasi 
Tons 


„rr^r.^n 




In. 


De- 


Alabama 

Arkansas 

Colorado 

Georgia 

Illinois 


21,280,000 
2,228,000 

12,485,000 
101,000 

91,263,000 

27,325,000 
8.240,000 
7,392,000 

29,690,000 
4,759,000 
1,385,000 
5,605,000 
4,276,000 
4,241,000 
813.000 

46,464.000 
4,783,000 
183,712.000 
6,916,000 
2,260,000 
5,535,000 

10,100,000 
4,056,000 

91,3.SO,000 
9,600,000 

122,000 


1,212,000 
84,000 
2,000 


18,666 

725,666 

■ 56.666 

■ 96,666 


6,0 

4.0 
0.0 

'6. '6' 
3.0 

"i'.s 

7 

0.3 
0.7 

* i.o' 

6.0 
3.0 

14.0 
9.0 
6.5 

12.0 

34 .'6' 
0.1 
1,0 
6-0 

12.0 




5.064,000 
785,000 




Kansas 

Kentucky 

Maryland 

Michigan 


107,000 

1,882,000 

13.000 

10,000 




Montana 

NewMerico... 
North Dakota, . 


49.000 

241,000 
23,000 
5,715.000 
318.000 
11,264.000 
722,000 




Oklahoma 

Pennsylvania.. . 
Tennessee 




Utah 

Virginia 

Washington... . 
West Virginia., 

Wyoming 

Alaska 

California , 


1,410.000 

13,000 

46,000 

4,908.000 

1,024,000 

25,000 




Oregon 

South Dakota, . 








Total Bit 


585.883,000 
99,473,000 


34,092,000 




6-2 












685,356.000 


i3,9H,W 


\ 


■\ ^A 


/ 


\ 


\ 


jx~ 
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Men Employed and Days Worked 

To Yield the Coal Production of 1917 



1 





Pr^uclion 
Short 
Tons 


N. 


mb.r of Men 


Avera e 


, 


Under- 


On 
Suiface 


Totel 


□f Dayi 
Worked 


Alabama 

Alaska 

Arkansas 

Cal. & Idaho. . . 

Colorado 

■ Georgia 

IlUnds 

Indiana 


20,068,074 

53,555 

2,143,579 

6,423 

12,483,336 

119,028 

86,199,387 

26,539,329 

8,965,830 

7,184,975 

27,807,971 

4,745,924 

1,374.805 

5,670,549 

4,226,689 

4,000,527 

790,548 

40,748,734 

4,386,844 

28,327 

172,448,142 

8,042 

6,194,221 

2,355,815 

4,125,230 

10,087.091 

4,009,902 

86,441,667 

8,575,619 


22,925 

3,135 

11,285 

205 

75,085 

22,664 

12,672 

8,816 

28,162 

4,696 

2,154 

7,680 

3,338 

3,191 

619 

38,569 

7,017 

77 

143,687 

34 

8,053 

3,683 

■ 2,569 

8,607 

4,072 

69,155 

6,024 


5,461 

- 863 

6 

2.946 

76 

9.005 

3,864 

1,594 

1,864 

6.764 

1,223 

252 

1,988 

811 

935 

202 

6,940 

1,478 

27 

30,281 



2,368 

692 

916 

2,561 

1,240 

19,267 

1,334 


28,386 

3,998 

17 

14,231 

281 

84,090 

26,523 

14,266 

10,680 

34,926 

5,919 

2,406 

9,668 

4,149 

4,126 

821 

45,509 

8,495 

104 

173,968 

34 

10.421 

4,375 

3,485 

11,168 

5,312 

88,422 

7,358 


273 

187 
173 
263 
269 
243 
221 


Kansas 

Kentucky 

Maryland 

Michigan 

Missouri. 

Montana 

New Mexico - . 
North Dakota.. 


216 
214 
254 
254 
240 
268 
321 
255 


CHdahoma 

Oregon 

Penna. (Bit.)... 
South Dakota. . 


211 
251 
261 
154 
241 






Virginia 

Washington 

West Virginia.. 
Wyoming 


273 
271 
225 
246 


Total Bit 

Penna. Anth . 


551,790,563 
99,611.811 


498,185 
109,989 


104.958 
44,185 


603,143 
154,174 


243 
285 


Grand Total .. . 


651,402,374 


680,174 


149,143 
\ 


757,317 


251 
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Production of Coke 

In the United States, ldl7 end 1918 





(Early Estimates, 1918) 






Production 
Short Tons 


percentage 




19.7 \ 1918 


■„...] ».™ 



Beehive Coke 



Alabama ,---...,. 

Colorado 

Georgia 

Keatucky 

New Merico 

Ohio 


2,151,828 
1,112,44« 
39,589 
331,532 
577,679 
147,826 


2,566,000 

771,000 

24,000 

329,000 

588,000 

132,000 

45,000 

21.031,000 

419,000 

1,255,000 

2,634,000 

612.000 


19,2 

i"9 


30.7 
40.6 
0,9 


Peonsylvania 

Tennessee 


23,816,420 

376.080 

1.304,230 

2,838,728 

471.187 


"iili" 

"29'9' 


11,7 


W^tvWiJa 

Utah and Wash.,, 


7,2 


Total 


33.167.548 


30,406,000 




8.3 





By-product Coke 








2,740,761 

2,289,833 

3,540,718 

531.539 

518,810 

595,113 

490.272 

993,184 

3,546,476 

4,095,605 

35,246 

26,346 

511,033 

2,524,344 


2,676,000 

2,278.000 

3,870,000 

522,000 

477,000 

542,000 

742,000 

1,086,000 

5,283,000 

4,691,000 

121,000 

30,000 

612.000 

3.334,000 


"'9.i 

"s'lA 
9.3 
49.0 
14.5 
243,7 
14.9 
19.7 

32,1 




Illinois 


0.6 


Kentucky 

Maryland 

Massachusetts 

Minnesota 

New York 

Ohio. . 

Pennsylvania 

Tennessee 

Washington 

West Virginia 

Colorado 


1.8 
8.1 
8.9 


Missouri 

New Jersey 

Wisconsin 




Total 


22,439.280 


26.264,000 


17.0 




Grand Total,. . 


55,606.828 


56,670,00(1 


\<^ 





Pere«nt«sea of GtfcniTotaV* 

1917-59.6% BvPtoAuc^. ^^^^^C^tJ^^ 

1918—53.6% \VA—^-'^ '" 
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Mining Machines Used in Bituminous 
Coal Production 

By States for the Year 191G 



State 


Number 


Caal Mmed 
Short Tons ' 


iSh 


^Sz 




320 

20 

305 

1,938 

661 

55 

6 

1,528 

16 

104 

93 

103 

51 

13 

1.604 

167 

5.768 

213 

10 

78 

194 

55 

2.702 

192 


5,802,151 

224,245 

3,342,345 

40,791,408 

11,367,758 

636,892 

37,897 

21,441,700 

221,609 

1,044,583 

947,811 

2,024,799 

510,219 

218,276 

31,669,049 

1,258,022 

94,391,391 

1,517,426 

19,000 

2,050,405 

6,011,262 

277,236 

54.408,511 

3,477.081 

400 


18,086,197 
1,994,915 

10.484,237 

66.195.336 

20,093,528 
7,260,800 
6,881,455 

25.393,997 
4,460,046 
1,180,360 
4.742,146 
3,632,527 
3,793,011 
634,912 

34,728,219 
3,608,011 
170.295,424 
6,137.449 
1.987,503 
3,567,428 
9,707,474 
3,038,588 

86,460,127 

7,910,647 

71,791 




Arkansas 


11.2 


















Kentucky 

Maryland 

Michigan 


84.4 
5.0 

88.5 






New Merico 

North Dakota.. . , . 


13.5 

34.4 


Oklahoma 

Pennsylvania 

Tennessee 


34.8 

55.4 
24.7 










Washington 

West Vfrginia 


9.1 
62.9 


Other States.. ., 


.6 




16.197 


283,691,475 


502,519,682 









•Averse percentage. 

In the United Statei, 1891-1916 



1901.. 



Coal MincHl 
by Mschiiiea. 
Short Tons 



6,211.732 iqO(...\ W.IU I 118.847,527 
l,U6 16,424.932\ 19V1...\ U,¥,'l<> \ \^%.\'a%a'M. 
4Ml\ 57,843,33511 1916.. \ Ifc.WT \ l^^.WiVW^ 
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DisposaL of Coal Produced 

In the United St«tea, 1916 



Arkansas 

Cal. and Idaho. 
Colorado ...... 

Georgia 

lUinois 

Indiana 

Kansas 

Kentucky 

Maryland 

Michigan 

Missouri 

Montana. .",.., 
New Mexico. . . 
North Dakota . 

Ohio 

Oklahoma 

Oregon 

Penna. <Bit.) . , 
South Dakota, 

Tennessee 

Texas 

Utah 

Vi^inia 

Washington.. . . 
West Virginia. . 
Wyoming 

Total Bit 

Penna. Anth. 



4,422,356 

7.<)13 

1,881,105 

1,593 

8,057,820 

76,954 

1,486,342 

8,839,568 

6,521,770 

6,577,064 

3.473,421 

4.320,720 

1,097,107 

4,219.414 

3,350,665 

2,873,313 

440,752 

1,MS,913 

3,395,363 

28,373 

3,181,649 



7,513,641 
2,701,031 
9,760,681 
7,547,706 



390,682 

S.09S 

44,254 

4,647 

396,376 

1,672 

3,086,157 

790,345 

591.717 

145,053 

783.268 

74.113 

51,770 

435,8 

142,130 

50,421 

173,936 

2,123,678 

34,000 

7,482 

4.212,186 

7,995 

99,289 

17,670 

65,260 

156,730 

75,954 

1,768,827 

96,055 



587.211 

62 

69,556 

1,000 

271.484 

7,200 

1,622,837 

463,615 

147,313 

159.338 

484.741 

65,213 

31,483 

86,864 

139,732 

25,194 

20,224 

607,908 

178,648 

6,737 

3,375,483 



174,093 
29,886 
78,435 
113,376 
124,740 
1,171,205 
266,886 



736,853 
1,923,727 

136,863 
3,759,414 



Grand Total, 

Percentage of: 

Total Production 

Bituminous, 

Penna. Anth 



499,268,211 18,048,720 20,071,344 52,709.900 
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Copper Fields of the United States 

There are several methods of classifying copper deposits; 
namely, according to the geologic period of deposit, the geologic 
occurrence, and the geographic distribution. 

According to Geologic Age 

1. Pre-Cambrian, the larger producers of which have been 
the Lake Superior district of Michigan, the Jerome of Arizona 
and the Encampment of Wyoming. The deposits of this age 
jrield about one-third of the total output of the country. 

2. Paleozoic, the most important producers of which are 
the Ducktown district of Tennessee, the Great Gossan lead of 
Virginia and North Carolina, the Virgilina district, and the Ely 
of Vermont. These are usually classed as the Appalachian 
deposits. 

3. Mesozoic, consisting chiefly of the Shasta district and 
the "foothills" of Calif oniia, together with numerous districts 
of Idaho, eastern Washington, western Nevada and Aladca. 
The deposits of this age yield about one-fourth of the country's 
output. 

4. Tertiary, largely found in Montana, Arizona, New Mexico 
and Utah. This is considered the most important of the epochs 
of copper deposition, it giving almost half the output of this 
country. 

According to Occurrence 

1. Lenticular replacements in schistose and igneous rocks, 
found in Arizona and California, and to a small extent in the 
Appalachian region. 

2. Native copper in volcanic rocks, which is the kind chiefly 
found in the Lake Superior district of Michigan. 

3. Replacement deposits in sedimentary rocks, usually 
found in Arizona, Nevada, Utah and Alaska. 

4. Disseminated deposits, occurring chiefly in Utah, Nevada 
and Arizona; not of very high grade, but usually cheap to 
mine. 

5. Fissure-vein deposits, which are the chief sources of 
copper and are mostly found at Butte, Montana. 

6. Disseminated deposits of sedimentary rocks, found mostly 
in Texas, New Mexico and Arizona. 

• 

Geographic Distribution 

Copper is present in some form or other in almost every 
State in the Union. According to smelter returns, the leading 
States are Arizona.^ Montana and MicYii^atv. 
Although our copper industry is sl\\V ^omtv^, ^^ TimX^^ 
States IS, at present, supplying more \\ian \va\i ol \Jafc ^ot\^i& 
production. 
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Copper Production 

In the United States, 1916 and 1917 
By States 



Imports and Exports 

Of Copper in all Forms, 1916 and 1917 





Production, 
Pounds 


Percentage, 
1917 over 1916 


otate 


1916 


1917 


Increase 


Decrease 


Alaska 

Arizona 

California 

Colorado 

Georgia 

Idaho 

Maine 


113,823,064 

694,847,307 

43,400,876 

9,536,193 

803,699 

7,248,794 


84,759,086 

719,035,514 

44,933,846 

10,054,951 

930,691 

6,446,224 

34,872 

291,501 

268,508,091 

407,141 

276,225,977 

115,028,161 


■■'3:5' 

3.5 

5.4 
15.8 


25.6 


Maryland 

Michigan 

Missouri 

Montana 

Nevada 

New Jersey 

New Mexico 

North Carolina.... 

Oregon 

Pennsylvania 


126,965 

269,794,531 

377,575 

352,139,768 

100,816,724 

4,115 

79,863,439 

5,961 

2,433,567 

904 


129.6 

'"i'.s 
"u.i 


"".5 
"ii'.s 


107,593,615 

125,004 

1,105,097 

115,000 

210,000 

16,093,757 

2,061,129 

227,840,447 

102,522 

146,912 

2,051,416 

2,019,767 


34.7 

500.8 


"si'.6 


South Carolina. . . . 






Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

Wvominer 


14,556,278 

86,463 

232,335,950 

324,400 

1,066,143 

2,473,481 

1,784,351 


10.6 

228.4 

"13.2 


""i!9 
68.4 
86.2 

17.1 






Total 


1,927,850,548 


1,886,120,721 




2.17 



Imports 
Exports . 



1916. 

Pounds 



1917. 

Pounds 



Percentage 
Increase 1QV.1 



462,335,9&0\ SS6,Vl^a^T, 
789,791 aS4\\,\^\>%Tl?^'^^' 
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Copper Production and Disposal 

In the United States, 1907-1917 
Domestic Production 



Year 


Refined Copper, 

Primary, 

Pounds 


Secondary 
Copper, 
Pounds 


Smelter Pro- 
duction, 
Domestic Ores, 
Pounds 


1907 


1,032,500,000 
1,137,900.000 
1,391,000,000 
1,422,000,000 
1,433,800,000 
1,568,100,000 
1,615,000,000 
1,533,700,000 
1,634,200,000 
2,259,000,000 
2,428,000,000 




868,900,000 


1908 




942,500,000 


1909 




1,092,900,000 


1910.. 




1,080,000,000 


1911 


214,000,000 
275,000,000 
273,000,000 
255,700,000 
392,200,000 
700,000,000 


1,097,000,000 


1912 


1,243,000.000 


1913 


1,224,000.000 


1914 

1915 


1,150,000,000 
1,388.000,000 


1916 


1,928,000.000 


1917 


1,886,000,000 









Imports, Exports and Consumption 



Year 


Imports, 
Pounds 


Exports of 

Metallic Copper, 

Pounds 


Domestic Con- 
sumption. 
Pounds 


1907 

1908 

1909 


252,600,000 
218,700,000 
321,800,000 
344,000,000 
334,600,000 
410,000,000 
408,700,000 
306,000,000 
315,600,000 
462,000,000 
556,000,000 


508,900,000 
661,800,000 
682,800,000 
708,000,000 
786,500,000 
775,000,000 
926,000,000 
840,000,000 
681,900,000 
784,000,000 
1,126,000,000 


487.700.000 
479.900,000 
688,500,000 


1910 


732,000,000 


1911 


681,700,000 


1912 


755,900.000 


1913 

1914 

1915 

1916 


812,000.000 

620,000,000 

1,043,000,000 

1,430,000.000 


1917 


1,316,000.000 







Average Yearly Prices 



Year 



Per 
Pound 



1907 $0,200 
1908 / . 132 
19091 .130 




Year 



Per 
Pound 
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Iron Mining in the United States 

The classification of the iron deposits is usually made by 
dividing the county into six geographic districts, namely: 

1. Northeastern District — Massachusetts, Connecticut, New 
York, New Jersey, Pennsylvania and Ohio. 

2. Southeastern District — Maryland, Virginia, West Vir- 
ginia, Kentucky, Tennessee, North Carolina, Georgia and Ala- 
bama. 

3. Lake Superior District — Michigan, Wisconsin and Min- 
nesota. 

4. Mississippi Valley District — Iowa, Mississippi, Missouri, 
Arkansas and Texas. 

5. Rocky Mountain District — Idaho, Montana, Wyoming, 
Colorado, New Mexico, Utah and Nevada. 

6. Pacific Slope District — Washington and California, 

The Lake Superior district is by far the most important, pro- 
ducing nearly 85 percent of the total output of the^. United 
States. . ' '. 

Classes of Ore 

Each of the above districts can be further subdivided into 
mining -districts, and the ores classified with regard to variety 
and distribution of the deposits: 

1. Hematite — Known locally as red hematite, specular 
ore, gray ore, fossile ore, etc. This is the most important 
variety, constituting more than 90 percent of the United States* 
production. .■' -^r^- 

2. Brown ore — Known also as brown hematite, bog offe, 
limonite, etc. This variety usually comes from the Appa- 
lachian States and constitutes less than 3 percent of the total. 

3. Magnetite — Usually called magnetic iron ore. Comes 
mostly from the Northeastern district, except Ohio, and con- 
stitutes less than 4 percent of the total. 

4. Iron carbonate — Known locally as spathic iron ore, 
kidney ore, black band ore, etc. This is the least significant 
of the ores and comes principally from Ohio. 



The Iron Ranges 

The Lake Superior district includes the Vermilion, Mesabi, 
Cuyuna, Gogebic, Marquette and Menominee ranges. In addi- 
tion to these there are several iron ore districts on the Canada 
side of the Great Lakes, the principal ones being the Michi- 
picoten, Animikie, Matawin and the Atikokan ranges. 

The Mesabi range, within the Su.)^etvot ^^\tv^^ '^-vsfts^s^^ 
more than half of the entire outpM\, iox N}w& ^^tc^&^ ^\3a:we^ 
during the year 1917. ^ . ^ •.,aa: 

The iron mined in the "United ^\a\«s wsxov«v\.'5» xo 
double that mined in any othet coua\.t^. 
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Iron Ore Production 

In the United States, 1916 and 1917 
By States 

In Order of their Producing Rank, 1917 



Cfaf o 


Production 
Long Tons 


Percentage 
1917 over 1916 




1916 


1917 


Increase 


Decrease 


Minnesota 

Michigan 

Alabama 

New York 

Wisconsin 

Pennsylvania 

Wyoming 

Tennessee 

New Jersey 

Virginia 

New Mexico 

Georgia 

North Carolina.. . . 

Utah 

Missouri 

Iowa 

Maryland 

West Virginia 

California 

Nevada 

Ohio 

Other States* 


44,585,422 

18,071,016 

6,747,901 

1,342,507 

1.304,518 

559,431 

545,774 

455,834 

493,004 

440,492 

157,779 

256,949 

64,306 

45,514 

34,914 

11,351 

4,455 

3,605 

3,000 

9,910 

1,800 

28,190 


44,595,232 

17,868,601 

7,037,707 

1,304,317 

1,202,235 

546,700 

543,846 

508,529 

489,943 

469,903 

237,221 

226,630 

90,997 

48,058 

38,908 

22,612 

11,830 

4,632 

2,207 

1,010 



37,733 


0.02 
"4.3* 

• 
• 

"n.6 

50.4 

5.6 
11.4 
99.2 

165.5 
28.5 

'33!8' 


....... 

' *2.'8* 
7.8 
2.3 
0.4 

" '6!6* 

"iiis' 

26;4* 
89.8 
100.0 

* * • • • 


Total 


75,167,672 


75,288,851 


0.16 





*1916 — Coloxsido^ Connecticut, MassacYv-oseXX?*. 

*1917 — Arkansas, Colorado, Cotvt\ect\cM\., ^a."5sa.0a>asfc\X; 
Montana. 
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Iron Ore Production 

In the United States, 1916 and 1917 
By Districts 

In Order of their Producing Rank 





Production, 


Percentage 




Long Tons 


1917 over 1916 


District 












1916 


1917 


Increase 


Decrease 


Lake Superior 


63,735,088 


63,481,321 




0.39 


Birmingham 


5,976,918 


6,187,073 


3.53 




Adirondack 


1,077,638 


1,100,001 




1.81 


Chattanooga 


836,623 


821,485 


2.07 




Northern New Jer- 










sey and South- 










eastern New York 


683,150 


642,232 




5.99 


Other Districts. . . . 


2,859,155 


3,056,739 


6.91 




Total 


75,167,672 


75,288,851 


0.16 





By Ranges in Lake Superior District 

In Order of their Producing Rank, 1917 



Range 


1916 
Long Tons 


1917 

Long Tons 


Percentage 
1917 over 1916 


Increase 


Decrease 


Mesabi 


41,325,341 
7,707,101 
6,649,578 
4,792,987 
1,555,641 
1,704,440 


41,127.323 
7,881,232 
6,366,483 
4,638,374 
1,986,608 
1,481,301 


"27.'7' 


0.48 


Gogebic 




Menominee 

Marquette 

Cuyuna 


4.26 
3.22 


Vermilion , . . 


13.09 






Total 


63,735,088 


63,481,321 




0.4 







Largest Iron Ore Mines 

Eleven mines in the United States produced more than 1,000,- 
000 tons of iron ore each in 1917. First place was held by the 
Hull-Rust mine at Hibbing, Minn. ; second ^\^.Qfc Vs^ ^Ocsa "^^^ 
Mountain ^roup near Bessemer, Ala.*, tVi\t^^\a.cfe\>N \>cvfcV^^^'«^- 
^gpiine at Hibbing, Minn.; iourt'h pVaceXi^ \>w&;^^'^^'CDa:^^ 
Bveleth, Minn. The production oi tVvesfe ^«^^c.?'-?^^^ 
tively, 6,468A83, 2,955;022, 2,525A4S ari^ ^,^^^.'^^^ ^^^^* 
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Decimals of a Foot, in Inches and 

Decimals 

If common fractions of inches are wanted, convert the frac- 
tional parts of inches in this table by use of table on following 
page. 



Foot 


Inches 


Foot 


Inches 


Foot 


Inches 


0.01 


0.12 


0.36 


4.32 


0.71 


8.52 


.02 


.24 


.37 


4.44 


.72 


8.64 


.03 


.36 


.38 


4.56 


.73 


8.76 


.04 


.48 


.39 


4.68 


.74 


8.88 


.05 


.6 


.40 


4.8 


.75 


9. 


.06 


.72 


.41 


4.92 


.76 


9.12 


.07 


.84 


.42 


5.04 


.77 


9.24 


.08 


.96 


.43 


5.16 


.78 


9.36 


.09 


1.08 


.44 


5.28 


.79 


9.48 


.10 


1.2 


.45 


5.4 


.80 


9.6 


.11 


1.32 


.46 


5.52 


.81 


9.72 


.12 


1.44 


.47 


5.64 


.82 


9.84 


.13 


1.56 


.48 


5.76 


.83 


9.96 


.14 


1.68 


.49 


5.88 


.84 


10.08 


.15 


1.8 


.50 


6. 


.85 


10.2 


.16 


1.92 


.51 


6.12 


.86 


10.32 


.17 


2.04 


.52 


6.24 


.87 


10.44 


.18 


2.16 


.53 


6.36 


.88 


10.56 


.19 


2.28 


.54 


6.48 


.89 


10.68 


.20 


2.4 


.55 


6.6 


.90 


10.8 


.21 


2.52 


.56 


6.72 


.91 


10.92' 


.22 


2.64 


.57 


6.84 


.92 


11.04 


.23 


2.76 


.58 


6.96 


.93 


11.16 


.24 


2.88 


.59 


7.08 


.94 


11.28 


.25 


3. 


.60 


7.2 


.95 


11.4 


.26 


3.12 


.61 


7.32 


.96 


11.52 


.27 


3.24 


.62 


7.44 


.97 


11.64 


.28 


3.36 


.63 


7.56 


.98 


11.76 


.29 


3.48 


.64 


7.68 


.99 


11.88 


.30 


3.6 


.65 


7.8 


1.00 


12. 


.31 . 


3.72 


.66 


7.92 






.32 


3.84 


.67 


\ &.04 


\\ 


\ 


.33 


3.96 


.68 


\ E.V6 


\ 


\ 


.34 


4.08 


.69 


\ %.n 


\ 


\- 


• 35 1 


4.2 , 


.70 


\ &.4 


w 


\ 
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Decimal Equivalents of Common 
Binary Fractions 



— By 64ths — 



Common 


Fraction 






A 




A-- 


"a 








16 • • • 




A 




A 


• • • • 

A 


U 






Zo 




A 




A 


• • • • 


JL. 






19 • • • 




H 




A.. 


« 


u 






x* 




« 




A 


"ij 


JL. 






19 * • 




ii 




«.. 


• • • • 


^ 






/'o 




*i 




H-. 


• • • • 








10 • 




D 




H-. 


"« 


/^. 









Decimal 



0.015625 
.03125 
.046875 
.0625 

.078125 
.09375 
. 109375 
.125 

.140625 
. 15625 
. 171875 
.1875 

.203125 
.21875 
.234375 
.25 

.265625 
.28125 
.296875 
.3125 

.328125 
.34375 
.359375 
.375 

.390625 
.40625 
.421875 
.4375 

.453125 
.46875 
.484375 
.5 



Common Fraction 



A 



ys 



a 



H. 



H 



Vi- 



«. 



M. 



H 



ft 



ft 



ft 



ft. 



ft 






ft 



ft 

ii 



ft 

ft 



ii 



ft 
ii 



ft 
ii 



Decimal 



0.515625 
.53125 
. 546875 
.5625 

.578125 
.59375 
.609375 
.625 

.640625 
.65625 
.671825 
.6875 

.703125 
.71875 
.734375 
.75 

.765625 
.78125 
.796875 
.8125 

.828125 
.84375 
.859375 
.875 

.890625 
.90625 
.921875 
.9375 
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Squares, Cubes, Square Roots, Cube 
Roots, Circumferences and Areas 

From .1 to 120; by Tenths to 10 



For Circles by Eighths, see pages 130 and 131. 













Circle 


Number 


Square 


Cube 


Square 
Root 


Cube 
Root 






or 






Diam. 










Circum. 


Area 


.1 


0.01 


0.001 


0.316 


0.464 


0.314 


O. 00785 


.2 


.04 


.008 


.447 


.585 


.628 


.0314 


.3 


.09 


.027 


.548 


.669 


.942 


.0707 


.4 


.16 


.064 


.633 


.737 


1.257 


.126 


.5 


.25 


.125 


.707 


.794 


1.571 


.196 


.6 


.36 


.216 


.775 


.843 


1.885 


.283 


.7 


.49 


.343 


.837 


.888 


2.199 


.385 


.8 


.64 


.512 


.894 


.92» 


2.513 


.503 


.9 


.81 


.729 


.949 


.960 


2.827 


.636 


1. 


1. 


1. 


1. 


1. 


3.142 


.785 


.1 


1.21 


1.331 


1.049 


1.032 


3.456 


.950 


.2 


1.44 


1.728 


1.095 


1.063 


3.770 


1.131 


.3 


1.69 


2.197 


1.140 


1.091 


4.084 


1.327 


.4 


1.96 


2.744 


1.183 


1.119 


4.398 


1.539 


.5 


2.25 


3.375 


1.225 


1.145 


4.712 


1.767 


.6 


2.56 


4.096 


1.265 


1.170 


5.027 


2.011 


.7 


2.89 


4.913 


1.304 


1.193 


5.341 


2.270 


• .8 


3.24 


5.832 


1.342 


1.216 


5.655 


2.545 


.9 


3.61 


6.859 


1.378 


1.239 


5.970 


2.835 


2. 


4. 


8. 


1.414 


1.260 


6.283 


3.142 


.1 


4.41 


9.261 


1.449 


1.281 


6.597 


3.464 


.2 


4.84 


10.648 


1.483 


1.301 


6.912 


3.801 


.3 


5.29 


12.167 


1.517 


1.320 


7.226 


4.155 


.4 


5.76 


13.824 


1.549 


1.339 


7.540 


4.524 


.5 


6.25 


15.625 


1.581 


1.357 


7.854 


4.909 


.6 


6.76 


17.576 


1.612 


1.375 


8.168 


5.309 


.7 


7.29 


19.683 


1.643 


1.392 


8.482 


5.726 


.8 


7.84 


21.952 


1.673 


1.409 


8.797 


6.158 


.9 


8.41 


24.389 


1.703 


1.426 


9.111 


6.605 


^' 1 


9' \ 


27. 


1.732 


1.442 


9.425 


7.069 


•^ / 


9.61 29.791 


1.761 


\.45% 


\ ^.1^^ 


\ v^^ 


'^ / 


10. 24 32. 768 


1.789 


i \A1^ 


\ \0.^^^ 


\ ^.^A\ 


,3 / 


10.89 35.937 


1.817 


\ \.\9f> 


\ \0.^<il 


\ ^.^^^ 


J:.!' 


tl. 56 39.304 


1.844 


\ "^" 


\ \0.<i%^ 


. \ ^ .W^ 



COODMAN MINING HANDBOOK 



125 



Squares, Cubes, Square Roots, Cube 
Roots, Circumferences and Areas 

From .1 to 120; by Tenths to 10. 

For Circles by Eighths, see pages 130 and 131. 



Number 






Square 


Cube 


Circle 


or 
Diam. 


Square 


Cube 


Root 


Root 






Circum. 


Area 


3.5 


12.25 


42.875 


1.871 


1.518 


10.996 


9.621 


.6 


12.96 


46.656 


1.897 


1.533 


11.310 


10.179 


.7 


13.69 


50.653 


1.924 


1.547 


11.624 


10.752 


.8 


14.44 


54.872 


1.949 


1.560 


11.938 


11.341 


.9 


15.21 


59.319 


1.975 


1.574 


12.252 


11.946 


4. 


16. 


64. 


2. 


1.587 


12.566 


12.566 


.1 


16.81 


68.921 


2.025 


1.601 


12.881 


13.203 


.2 


17.64 


74.088 


2.049 


1.613 


13.195 


13.854 


.3 


18.49 


79.507 


2.074 


1.626 


13.509 


14.522 


.4 


19.36 


85.184 


2.098 


1.639 


13.823 


15.205 


.5 


20.25 


91.125 


2.121 


1.651 


14.137 


15.904 


.6 


21.16 


97.336 


2.145 


1.663 


14.451 


16.619 


.7 


22.09 


103.823 


2.168 


1.675 


14.765 


17.349 


.8 


23.04 


110.592 


2.191 


1.687 


15.080 


18.096 


.9 


24.01 


117.649 


2.214 


1.698 


15.394 


18.857 


5. 


25. 


125. 


2.236 


1.710 


15.708 


19.635 


.1 


26.01 


132.651 


2.258 


1.721 


16.022 


20.428 


.2 


27.04 


140.608 


2.280 


1.732 


16.336 


21.237 


.3 


28.09 


148.877 


2.302 


1.744 


16.650 


22.062 


.4 


29.16 


157.464 


2.324 


1.754 


16.965 


22.902 


.5 


30.25 


166.375 


2.345 


1.765 


17.279 


23.758 


.6 


31.36 


175.616 


2.366 


1.776 


17.593 


24.630 


.7 


32.49 


185.193 


2.387 


1.786 


17.907 


25.518 


.8 


33.64 


195.112 


2.408 


1.797 


18.221 


26.421 


.9 


34.81 


205.379 


2.429 


1.807 


18.535 


27.340 


6. 


36. 


216. 


2.450 


1.817 


18.850 


28.274 


.1 


37.21 


226.981 


2.470 


1.827 


19.164 


29.225 


.2 


38.44 


238.328 


2.490 


1.837 


19.478 


. 30. 191 


.3 


39.69 


250.047 


2.510 


1.847 


19.792 


31.173 


.4 


40.96 


262.144 


2.530 


1.857 


20.106 


32.170 


.5 


42.25 


274.625 


2.550 


1.866 


20.420 


33.183 


.6 


43.56 


287.496 


2.569 


1.876 


, x^ .n^v 


y -J^^.l-Vl. 


.7 


44.89 


300.763 


2.S&& 


\ Y.%»S 


\ IV.^A^ 




.8 , 


46.24 


314.432 


1 2.60& 


\ \.%.^S 


\ iv.^t 


•'/ 


47,61 \ 


328.509 


I 2.611 


\ \.W 


^\ IV ^ 
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Squares, Cubes, Square Roots,- Cube 
Roots, Circumferences and Areas 

From .1 to 120; by Tenths to 10. 

For Circles by Eighths, see pages 130 and 131. 



Number 


Square 


Cube 


Square 
Root 


Cube 
Root 


Circle 


yJT 

Diam. 


Circum^ 


Area 


7. 


49. 


343. 


2.646 


1.913 


21.991 


38.485 


.1 


50.41 


357.911 


2.665 


1.922 


22.305 


39.592 


.2 


51.84 


373.248 


2.683 


1.931 


22.619 


40.715 


.3 


53.29 


389.017 


2.702 


1.940 


22.934 


41.854 


.4 


54.76 


405.224 


2.720 


1.949 


23.248 


43.008 


• .5 


56.25 


421.875 


2.739 


1.957 


23.562 


44.179 


.6 


57.76 


438.976 


2.757 


1.966 


23.876 


45.365 


.7 


59.29 


456.533 


2.775 


1.975 


24.190 


46.566 


.8 


60.84 


474.552 


2.793 


1.983 


24.504 


47.784 


.9 


62.41 


493.039 


2.811 


1.992 


24.819 


49.017 


8. 


64. 


512. 


2.828 


2. 


25.133 


50.266 


.1 


65.61 


531.441 


2.846 


2.008 


25.447 


51.530 


.2 


67.24 


551.368 


2.864 


2.017 


25.761 


52.810 


.3 


68.89 


571.787 


2.881 


2.025 


26.075 


54.106 


.4 


70.56 


592.704 


2.898 


2.033 


26.389 


55.418 


.5 


72.25 


614.125 


2.915 


2.041 


26.704 


56.745 


.6 


73.96 


636.056 


2.933 


2.049 


27.018 


58.088 


.7 


75.69 


658.503 


2.950 


2.057 


27.332 


59.447 


.8 


77.44 


681.472 


2.966 


2.065 


27.646 


60.821 


.9 


79.21 


704.969 


2.983 


2.072 


27.960 


62.211 


9. 


81. 


729. 


3. 


2.080 


28.274 


63.617 


.1 


82.81 


753.571 


3.017 


2.088 


28.588 


65.039 


.2 


84.64 


778.688 


3.033 


2.095 


28.903 


66.476 


.3 


86.49 


804.357 


3.050 


2.103 


29.217 


67.929 


.4 


88.36 


830.584 


3.066 


2.110 


29.531 


69.398 


.5 


90.25 


857.375 


3.082 


2.118 


29.845 


70.882 


.6 


92.16 


884.736 


3.098 


2.125 


30. 159 


72.382 


.7 


94.09 


912.673 


3.114 


2.133 


30.473 


73.898 


.8 


96.04 


941.192 


3.130 


2.140 


30. 788 


75.430 


.9 


98.01 


970.299 


3.146 


2.147 


31.102 


76.977 


10. 


100. 


1000. 


3.162 


2.154 


31.416 


78.540 


//. / 


121. 


1331. 


3.317 


2.224 


34.558 


95.033 


12, 


144. / 


1728. 


3.464 


i 2.1^9 


y il .<i^^ 


V VV^.Vi 


13. / . 
14. 1 


t69. 

96. L 


2197. 
2744. 


3.606 
3.742 


\ 2.35V 
\ 2.4VC 
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Squares, Cubes, Square Roots, Cube 
Roots, Circumferences and Areas 



From .1 to 120; by Tenths to 10. 

For Circles by Eighths, see pages 130 and 131. 



Number 


Square 


Cube 


Square 
Root 


Cube 
Root 


Circle 


or 
Diam. 


Circum. 


Area 


15 


225 


3375 


3.873 


2.466 


47.124 


176.71 


16 


256 


4096 


4. 


2.520 


50.265 


201 . 06 


17 


289 


4913 


4.123 


2.571 


53.407 


226.98 


18 


324 


5832 


4.243 


2.621 


56.549 


254.47 


19 


361 


6859 


4.359 


2.668 


59.690 


283.53 


20 


400 


8000 


4.472 


2.714 


62.832 


314.16 


21 


441 


9261 


4.583 


2.759 


65.973 


346.36 


22 


484 


10648 


4.690 


2.802 


69.115 


380.13 


23 


529 


12167 


4.796 


2.844 


72.257 


415.48 


24 


576 


13824 


4.899 


2.885 


75.398 


452.39 


25 


625 


15625 


5. 


2.924 


78.540 


490.87 


26 


676 


17576 


5.099 


2.963 


81.681 


530.93 


27 


729 


19683 


5.196 


3. 


84.823 


572.56 


28 


784 


21952 


5.292 


3.037 


87.965 


615.75 


• 29 


841 


24389 


5.385 


3.072 


91.106 


660.52 


30 


900 


27000 


5.477 


3.107 


94.248 


706.86 


31 


961 


29791 


5.568 


3.141 


97.389 


754.77 


32 


1024 


32768 


5.657 


3.175 


100.53 


804.25 


33 


1089 


35937 


5.745 


3.208 


103.67 


855.30 


34 


1156 


39304 


5.831 


3.240 


106.81 


907.92 


35 


1225 


42875 


5.916 


3.271 


109.96 


962.11 


36 


1296 


46656 


6. 


3.302 


113.10 


1017.88 


37 


1369 


50653 


6.083 


3.332 


116.24 


1075.21 


38 


1444 


54872 


6.164 


3.362 


119.38 


1134.11 


39 


1521 


59319 


6.245 


3.391 


122.52 


1194.59 


40 


1600 


64000 


6.325 


3.420 


125.66 


1256.64 


41 


1681 


68921 


6.403 


3.448 


128.81 


1320.25 


42 


1764 


74088 


6.481 


3.476 


131.95 


1385.44 


43 


1849 


79507 


6.557 


3.503 


135.09 


1452.20 


44 


1936 


85184 


6.633 


3.530 


138.23 


1520.53 


45 


2025 


91125 


6.708 


3.557 


. uv.^•^ 


V v^^^.^a* 


^ i 


2116 


97336 


6.782 


\ 3.S%i 


\ V\\.^V 




47' 
48 / 


2209 , 
2304 


103823 
110592 


6.856 
6.928 






-^^ / 


2401 1 


117649 


7. 


\ 3.6S 


^ \ vs:i - 



128 



GOODMAN MINING HANDBOOK 



Squares, Cubes, Square Roots, Cube 
Roots, Circumferences and Areas 

From .1 to 120; by Tenths to 10. 

For Circles by Eighths, see pages 130 and 131. 



Number 






Square 


Cube 


Circle 


or 
Diam. 


Square 


Cube 


Root 


Root 






Circum. 


Area 


50 


2500 


125000 


7.071 


3.684 


157.08 


1963.50 


51 


2601 


132651 


7.141 


3.708 


160.22 


2042.82 


52 


2704 


140608 


7.211 


3.733 


163.36 


2123.72 


53 


2809 


148877 


7.280 


3.756 


166.50 


2206.18 


54 


2916 


157464 


7.348 


3.780 


169.65 


2290.22 


55 


3025 


166375 


7.416 


3.803 


172.79 


2375.83 


56 


3136 


175616 


7.483 


3.826 


175.93 


2463.01 


57 


3249 


185193 


7.550 


3.849 


179.07 


2551.76 


58 


3364 


195112 


7.616 


3.871 


182.21 


2642.08 


59 


3481 


205379 


7.681 


3.893 


185.35 


2733.97 


60 


3600 


216000 


7.746 


3.915 


188.50 


2827.43 


61 


3721 


226981 


7.810 


3.937 


191.64 


2922.47 


62 


3844 


238328 


7.874 


3.958 


194.78 


3019.07 


63 


3969 


250047 


7.937 


3.979 


197.92 


3117.25 


64 


4096 


262144 


8. 


4. 


201.06 


3216.99 


65 


4225 


274625 


8.062 


4.021 


204.20 


3318.31 


66 


4356 


287496 


8.124 


4.041 


207.34 


3421.19 


67 


4489 


300763 


8.185 


4.062 


210.49 


3525.65 


68 


4624 


314432 


8.246 


4.082 


213.63 


3631.68 


69 


4761 


328509 


8.307 


4.102 


216.77 


3739.28 


70 


4900 


343000 


8.367 


4.121 


219.91 


3848.45 


71 


5041 


357911 


8.426 


4.141 


223.05 


3959.19 


72 


5184 


373248 


8.485 


4.160 


226.19 


4071.50 


73 


5329 


389017 


8.544 


4.179 


229.34 


4185.39 


74 


5476 


405224 


8.602 


4.198 


232.48 


4300.84 


75 


5625 


421875 


8.660 


4.217 


235.62 


4417.86 


76 


5776 


438976 


8.718 


4.236 


238.76 


4536.46 


77 


5929 


456533 


8.775 


4.254 


241.90 


4656.63 


78 


6084 


474552 


8.832 


4.273 


245.04 


4778.36 


79 


6241 


493039 


8.888 


4.291 


248.19 


4901.67 

9 


80 


6400 


512000 


8.944 


4.309 


251.33 


5026.55 


82 J 


6S6X 1 


531441 


9. 


4.327 


254.47 


5153.00 


SJ 


6724 i 


551368 


9.055 


\ 1^1 .tkV 


V '5a.%\.Ql 


83 / 


6889 I 


571787 


9.110 


\ 4.3(»1 


\ Itjft.l^ 


\ 'bVV^.fkX 


~/ 


7056 I 


592704 


9. 165 


t 4.3W3 


► \ Iti^ .* 


"iX ^^VX^II 
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Squares, Cubes, Square Roots, Cube 
Roots, Circumferences and Areas 

From .1 to 120; by Tenths to 10. 



For Circles by Eighths, see pages 130 and 131. 



Number 
or 


Square 


Diam. 




85 


7225 


86 


7396 


87 


7569 


88 


7744 


89 


7921 


90 


8100 


91 


8281 


92 


8464 


93 


8649 


94 


8836 


95 


9025 


96 


9216 


97 


9409 


98 


9604 


99 


9801 


100 


10000 



Cube 



614125 
636056 
658503 
681472 
704969 

729000 
753571 
778688 
804357 
830584 

857375 
884736 
912673 
941192 
970299 

1000000 



Square 


Cube 


Root 


Root 


9.220 


4.397 


9.274 


4.414 


9.328 


4.431 


9.381 


4.448 


9.434 


4.465 


9.487 


4.481 


9.539 


4.498 


9.592 


4.514 


9.644 


4.531 


9.695 


4.547 


9.747 


4.563 


9.798 


4.579 


9.849 


4.595 


9.900 


4.610 


9.950 


4.626 


10. 


4.642 



Circle 



Circum. 



267.04 
270.18 
273.32 
276.46 
279.60 

282.74 
285.88 
289.03 
292.17 
295.31 

298.45 
301.59 
304. 73 
307.88 
311.02 

314.16 



Area 



5674.50 
5808.80 
5944.68 
6082.12 
6221.14 

6361.73 
6503.88 
6647.61 
6792.91 
6939.78 

7088.22 
7238.23 
7389.81 
7542.96 
7697.69 

7853.98 



FOR NUMBERS LARGER THAN IN TABLES: 

Square. To find square of any number 10 times as large as one in 
table, find square of table number and multiply by the square of 10. Same 
principle applies for any divisor, as well as for 10. E. g.: Square of 252 ^ 
quare of 84 x square of 3 =7056 x 9 =63504. 

Cube. To find Cube of any number 10 times as large as one in table 
find cube of table number and multiply by the cube o f 10. Same prin 
siple applies for any divisor, as well as for 10. E. g.: Cube of 252 ^cube 
3f 84 X cube of 3 =592704 x 27 = 16,003,008. 

Circumference. To find Circumference of any circle of diameter 10 
times as large as one in table, find circumference for table diameter and 
multiply by 10. Same principle applies for any divisor, as well as for 10. 
B. g.: Circumference for diameter 252 = circumference for diameter 84 
times 3 =263.89 x 3 =791.67. 

Area. To £nd Area of any circle oi ^ametet \Q xXxaa^ ^j^Va-xst^ "»& ^"^^ 
a table, Snd area for table diameter and m\il\.\pVv ^^ sc^vjcax^ ^V ^^* -^^^^ 
-inciple appUea for any divisor, as well as iot 10. 'B. ^.•. KT«i«. Vox e^^aas^ 
2^area for 84 x square of 3 -5541.77 x 9 — A^ftlS.-^^. 
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Grcumferences and Areas of Circles 

Diametera Advancing by Eightlv to 17% 
Diameters by Tenths, and up to 100, see pages 184 to 189. 



Dia., 


c,™™. 


.... 


D.... 


c.=„™. 


Area 








4Ji 


14,137 


15.904 




o^iw 


'o!6i2 




14.530 


16.800 




.785 


.050 




14-923 


17.721 




1.178 


.110 




15.315 


18.665 




1,571 


.196 










1,964 


.307 


5 


15,708 


19,635 


^ 


2,, 156 


.442 


H 


16.101 


20.629 


A 


2.745 


.601 


H 


16.493 


21.648 










16.886 


22.691 


1 


3,142 


.785 




17,279 


23.758 


H 


3.534 


.994 




17.671 


24.850 


H 


3.927 


1.227 




18.064 


25.967 


A 


4,320 


1,485 




18,457 


27.109 


•S 


4,712 


1.767 










5.105 


2.074 


6 


18,850 


28.274 




5,498 


2.405 


Yi 


19.242 


29.465 


A 


5,890 


2,761 


H 


19.635 


30-680 










20.228 


31.919 


2 


6,283 


3.142 




20.420 


33.183 


H 


6.676 


3.547 




20,813 


34.472 


H 


7.079 


3.976 




21.206 


35.785 




7.461 


4,430 




21,598 


37.122 




7.854 


4.909 










8.247 


5,412 


7 


21.991 


38.485 


8 


8.639 


5.940 


a 


22,384 


39.871 


9,032 


6,492 


H 


22.777 


41.282 








H 


23.169 


42.718 


3 


9,425 


7.069 


H 


23.562 


44.179 




9.817 


7.670 




23,955 


45.664 




10,210 


8.296 


A 


24,347 


47.173 




10.603 


8,946 


A 


24.740 


48.707 


^ 


10,996 


9.621 








11.388 


10,321 


8 


25.133 


50.265 




11.781 


11.045 


Vi 


25.525 


51.849 




12,174 


11.793 




25.918 


53.456 










26.311 


55.088 


^ / 


12.566 


12.566 




\ l&.lft\ 


\ 56.745 


H I 


12.959 


13.364 


H 


\ Tl.Wt) 


\ 5a..'Q& 


H 


urn 


14,186 


\ k 


\ ai.\w 


A tts.va 


ji__L 


15.033 


\ y^ 


\ 11.% 


!,i\ wv.^fca. 



aOODHAN MINING HANDBOOK 



Circumferences and Areas of Circles 

Diameten Adrkiidiic bjr Eightha to 17^ 

Diameters by Tenths, and up to 100, see pages 124 to 139. 



Dlanr. 


Ciri:Qm. 


Arsa 


Diiim. 


Circum. 


A.a 


9 


28,274 


63.617 


U14 


42.412 


143,14 


ii 


28,667 


65,397 




42,804 


145.80 


i 


29.060 


57.201 


% 


43.197 


148-49 




29.452 


69.029 


43.590 


151.20 




29.845 


70.882 










30.238 


72.760 


14 


43.982 


153.94 


i 
A 


30,63! 


74.562 




44.375 


156.70 


31.023 


76.589 


H 


44.768 


159,48 








H 


45.160 


162.30 


10 


31.416 


78.540 


H 


45.553 


165,13 


y 


31.809 


80,516 




45-946 


157.99 


y 


32,201 


82.516 




46,338 


170.87 




32.594 


84.541 




46.731 


173.78 


32,987 


86.590 










33.379 


88.664 


15 


47.124 


175.71 




33.772 


90.753 




47,517 


179.67 




34.165 


92.886 




47.909 


182-65 










48.302 


185.56 


11 


34.558 


95.033 




48.595 


188.69 


Vt 


34,950 


97-205 


H 


49.087 


191.75 




35.343 


99.402 


% 


49.480 


194.83 


^ 


35.736 


101,62 


% 


49.873 


197.93 


36.128 


103,87 










36.521 


106.14 


16 


50.265 


201,06 


s 


36.914 


108,43 




50-658 


204.22 


37.306 


110.75 




51.051 


207.39 










51.444 


210.60 


12 


37.699 


113.10 




51.836 


213.82 




38,092 


115.47 




52.229 


217,08 


i 


38,485 


117.86 




52,622 


220.35 


38.877 


120.28 




53.014 


223,65 


t 


39.270 


122,72 








39.663 


125.19 


17 


53.407 


226,98 


i 


40.055 


127-68 


H 


53.800 


230,33 


40.448 


130,19 




54.193 


233.71 










1A.=,%^ 


\ ^■s\ .\*^ 


13 


40.841 


132.73 




\ Vk.-il* 


\ Itfc.S^ 


M / 


41.233 


135,30 


H 


\ SS.i1 


v\ ^.^■!. .'^\ 
4\ 1^^ 


/*" / 


41.626 


137,89 


V* 


\ S^-1 


. ^ /_ 


42.019 


140.50 


\ -x 


\ y>. 
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Discount Equivalents 

To find a net price, multiply list price by the decimal net 
equivalent of the given discount. 

Example. — What will be the net price if a discotmt of 
40-10-10-5 is allowed on a list price of $65.00? 

Solution. — In the coltmin for Leading Discount 40, and in 
the horizontal line for Supplementary Discoimt 10-10-5 at the 
left, find the decimal net equivalent .4617. Then $65.00 X.4617 
=$30.01, the net price. 



Supplementary 
Discount 



2J^ 
5 

5-5 

10 

10-2)^ 

10-5 

10-5-21^ 
10-10 
10-10-5 

10-10-5-2H 
10-10-10 

10-10-10-10 

10-10-10-10-5 

15 

15-2)^ 

15-5 

15-10 

20 
20-5 
20-10 
20-10-5 

25 

25-5 
25-10 
25-10-5 



Leading Discount 



10 



20 


30 


40 


50 


60 



80 



Decimal Net Equivalent 



.8775 
.8550 

.8336 
.8123 
.8100 
.7898 

.7695 
.7503 
.7290 
.6925 

.6730 
.6561 
.5905 
.5609 

.7550 
.7459 
.7268 
.6885 

.7200 
.6840 
.6480 
.6156 

.6750 

.6413 

.6075. 

.5771 .5130\ .44%%^ 



.7800 
.7600 

.7410 
.7220 
.7200 
.7020 

.6840 
.6669 
.6480 
.6156 

.6002 
.5832 
.5248 
.4986 

.6800 
.6630 
.6460 
.6120 

.6400 
.6080 
.5760 
.5472 

.6000 



.6825 
.6650 

.6484 
. 6318 
.6300 
.6143 

.5985 
.5835 
. 5670 

.5387 

.5253 
.5103 
.4593 
.4363 

.5950 
.5801 
.5652 
.5355 

.5600 
.5320 
.5040 
.4788 

.5250 



.5850 
.5700 

.5557 
.5415 
.5400 
.5265 

.5130 
.5002 
.4860 
.4617 

.4502 
.4374 
.3937 
.3740 

.5100 
.4972 
.4845 
.4590 

.4800 
.4560 
.4320 
.4104 

.4S0Q 



.4875 
.4750 

.4631 
.4513 
.4500 

.4388 

.4275 
.4168 
.4050 
.3848 

.3751 
.3645 
.3280 
.3116 

.4250 
.4144 
.4038 
.3443 

.4000 
.3800 
.3600 
.3420 



.3900 
.3800 

.3705 
.3610 
.3600 
.3510 

.3420 
.3334 
.3240 
.3078 

.3001 
.2916 
.2624 
.2492 

.3400 
.3310 
.3220 
.2758 

.3195 
.3018 
.2879 
.2728 



.1950 
.1900 

.1852 
.1805 
.1800 
.1755 

.1710 
.1667 
.1620 
.1539 

.1500 
.1458 
.1384 
.1234 

.1700 
.1655 
.1622 
.1378 

.1598 
.1508 
.1438 
.1364 



.54oo\ AnA .^at>vi\ .^>^5\ -^l^^-^^ 
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Income from Securities 

Approximate Returns in Dividends on Stocks, or Running 
Interest on Bonds, at 4% to 10% on Par Values. 



T^ " 


Dividend or Interest Rate on Par Value, 100 Points 


Price 
















Paid, 


4 


5 


6 


7 


8 


9 


10 


Points 


















Percentage Return on Money Invested 




50 


8.00 


10.00 


12.00 


14.00 


16.00 


18.00 


20.00 


55 


7.27 


9.09 


10.91 


12.73 


14.55 


16.36 


18.18 


60 


6.67 


8.33 


10.00 


11.67 


13.33 


15.00 


16.67 


65 


6.15 


7.69 


9.23 


10.77 


12.31 


13.85 


15.39 


70 


5.71 


7.14 


8.57 


10.00 


11.43 


12.86 


14.29 


75 


5.33 


6.67 


8.00 


9.33 


10.67 


12.00 


13.33 


80 


5.00 


6.25 


7.50 


8.75 


10.00 


11.25 


12.50 


85 


4.71 


5.88 


7.06 


8.24 


9.41 


10.59 


11.76 


90 


4.44 


5.56 


6.67 


7.78 


8.89 


10.00 


11.11 


95 


4.21 


5.26 


6.32 


7.37 


8.42 


9.47 


10.53 


100 


4.00 


5.00 


6.00 


7.00 


8.00 


9.00 


10.00 


105 


3.81 


4.76 


5.71 


6.67 


7.67 


8.57 


9.52 


110 


3.64 


4.55 


5.45 


6.36 


7.27 


8.18 


9.09 


115 


3.48 


4.35 


5.22 


6.09 


6.96 


7.82 


8.70 


120 


3.33 


4.17 


5.00 


5.83 


6.67 


7.50 


8.33 


125 


3.20 


4.00 


4.80 


5.60 


6.40 


7.20 


8.00 


130 


3.08 


3.85 


4.62 


5.38 


6.15 


6.92 


7.69 


135 


2.96 


3.71 


4.44 


5.19 


5.93 


6.67 


7.41 


140 


2.86 


3.57 


4.29 


5.00 


5.71 


6.43 


7.14 


145 


2.76 


3.45 


4.14 


4.83 


5.52 


6.21 


6.90 


150 


2.67 


3.33 


4.00 


4.67 


5.33 


6.00 


6.67 


160 


2.50 


3.13 


'3.75 


4.38 


5.00 


5.63 


6.25 


170 


2.35 


2.94 


3.53 


4.12 


4.71 


5.29 


5.88 


180 


2.22 


2.78 


3.33 


3.89 


4.44 


5.00 


5.56 


190 


2.11 


2.63 


3.16 


3.68 


4.21 


4.73 


5.26 


200 


2.00 


2.50 


3.00 


3.50 


4.00 


4.50 


5.00 


225 J 


1.78 


2.22 


2.67 


3.11 


3.56 


4.00 


4.44 


250 


1.60\ 2.00 


2.40 


2.%0 


I 3.20 


. 3.60 


4.00 


275 


1.45 1.82 


2.18 


2.55 


\ 2.9\\ ^.in 
\ 2. en \ ^.^ 


\ ^.^ 


300 /. 


1.33 I 1.67 


2.00 


1 2.33 


\ ^.^^ 
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Yields on Bonds 

e from bonds bought at variou 



I ' I 



l"l ■ 



5.00 
5,56 
6.14 
6.74 

7.35 

. 7.97 
. S.6i 

921 



3.S5I .3.79 
3.83' 4.02 
4.11 4.26 
4.40 4,50 
4.70 4.75 



9.44 8.50 7.94 7.31 6.85 6.53 6.39 6.32 
9.96 8.90 8.28 7.58 7.07 6.71 6.56 6.49 
9.32 8.63 7.86 7.30 6.91 r " ' ' 



4.50 
4.60 
4.69 
4.79 



I 'I ' I 'I ' I ' I ■ I 



6.75 6.58 6.48 6.41 6.36 6.32 6.30 6.27 
7.51 7.17 6.97 6.82 6.731 6.66U.«!.'v<i-'bfe 

9.u\ &.40\ T ."iA T .(At .^'iV :i>^^?->^^^ 
I9.94\9.03\a.5 
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Yield on Liberty Bonds 

Bought at Par and Sold at Higher or Lower 

Prices, after Holding for One or More Years 

Selling at less than par a bond bought at par causes a loss of 
income rate in any case, and may involve a loss on the principal, 
as shown by minus signs in the table below. 

Only by holding the bond to maturity, or until called for 
redemption by the government, or by otherwise disposing of it 
at par and interest can the full rate of income be realized. 

Liberty bonds should be held for sale or redemption at par or 
higher. Prices lower than par are due solely to willingness to 
sell at a sacrifice, and are not at all due to any lack of value in 
the bonds themselves. 

The table applies only to the 4Ji% issues. Proportionate 
figures for issues of other rates. 

Average Yearly Percentage Returns, 4}4% Bonds 



SeUing 


Number of Years Held 


Price 

of a 

$50.00 

Bond 


1 


2 


3 


S 


7 


10 


15 


20 


Yearly Percentage Return 



X 



$55.00 
54.00 
53.00 
52.00 
51.00 

50.00 
(par) 

49.00 
48.00 
47.00 
46.00 
45 : DO 

44.00 
43.00 
42.00 
41,00 
40.00 



14.25 

12.25 

10.25 

8.25 

6.25 

4.25 



2.25 

.25 
1.75 
3.75 

4.75 

-6.75 
-8.75 
-10.75 



9.25 
8.25 
7.25 
6.25 
5.25 

4.25 



3.25 

2.25 

1.25 

.25 

- .75 

-1.75 
-2.75 
-3.75 



1-12. 75h 4.75 
■14.75h5.75 



7.58 
6.92 
6.25 
5.58 
4.92 

4.25 



3.58 
2.92 
2.25 
1.58 
.92 



6.25 

5.85 
5.45 
5.05 
4.65 

4.25 



3.85 
3.45 
3.05 
2.65 
2.25 




5.68 
5.39 
5.11 
4.82 
4.54 

4.25 



3.96 
3.68 
3.39 
3.11 
2.82 



5 
5 

4 
4 



25 
05 

85 
65 
45 



4.25 



4.05 
3.85 
3.65 
3.45 
3.25 



4.92 
4.72 
4.65 
4.52 
4.39 

4.25 



4.12 
3.99 
3.85 
3.72 
3.59 



4.75 
4.65 
4.55 
4.45 
4.35 

4.25 



4.15 
4.05 
3.95 

3.85 
3.75 



1.85 2.54 3.05 3.45 3.65 
1.45 2.25 2.851 3 .ill ^ ,^^ 

.6S\ V.^ '^•A\''l^\x- 
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Postal Rates and Classifications 

Domestic Mail Matter 

Domestic mail includes matter deposited in the mails for local delivery 
or transmission from one place to another within the United States, or 
to or from the possessions of the United States. 

Domestic rates apply generally to mail sent from the United States to 
Canada, Cuba, Mexico, the Republic of Panama and the United States 
postal agency at Shanghai. China, and matter addressed to officers or mem- 
bers of the crew of vessels of war of the United States. 

POSTAL CARDS— 2 cents each to all parts of the United States, and 
Canada. (Pre- War rate. 1 cent.) 

LOCAL, OR "DROP" LETTERS— 2 cents for each ounce or fraction 
thereof. 

FIRST CLASS — Letters and all other written matter, whether sealed or 
unsealed, and all other matter, sealed or fastened in any manner so that it 
cannot be easily examined — 3 cents for each ounce or fraction thereof. 
(Pre- War rate, 2 cents for each ounce or fraction thereof.) 

FORM LETTERS, if mailed in jjuantities of twenty or more at one time 
at a post office, can be filled in, signed and mailed, unsealed, under third- 
class postage rates. 

SECOND CLASS — Only for publishers and news agents— ;-special lone 
rate. Newspapers and periodicals (regular second-class publications) can 
be mailed by the public at the rate of 1 cent for each 4 ounces or fraction 
thereof. 

THIRD CLASS — Printed matter, in unsealed wrappers only (all matter 
enclosed in notches envelopes must pay letter rates) — 1 cent for each 2 
ounces or fraction thereof, which must be fully prepaid. This includes 
circulars, chromos, engravings, handbills, lithographs, music, pamphlets, 
proof-sheets and manuscript accompanying the same, reproductions by 
the electric pen, hectograph, metallograph, papyrograph, and in short any 
reproductions upon paper, by any process except handwriting, the copjring 
press typewriter and the neostyle process. Limit of weight, 4 pounds. 

FOURTH CLASS— See "Tarcel Post rates, following pages. 

Foreign Mail Matter 

Canada, Cuba, Mexico and Panama — generally same classification and 
rates as in the United States. . 

Postal Union Rates 

LETTERS — 5 cents for 1 ounce or fraction; 3 cents for each additional 
ounce or fraction. 

PRINTED MATTER, periodicals, circulars, books, etc. — 1 cent for 
each 2 ounces or fraction thereof. 

COMMERCIAL PAPERS, etc.— 5 cents for first 10 ounces or fraction 
thereof; 1 cent for each additional 2 outeces or IxacXxoTv. \,\vetfcol. 

MERCHANDISE SAMPLES— 2 cents lot ftxst. \ o^cfea «t V««iO««s. 
hereof; 1 cent for each additional 2 ounces ot ita.cX\ou \.\i&TeQ\. 
^OSTAL CARDS ^2 cents for a single card-, 4 cexv\.^ iox ^c.>x\.\^ x,x>«t 

XI, 
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ic Parcel Post Rates 



InEffect March 15, 1918 

See Maps on following pages 
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Parcel Post Rates — Continued 



See Maps on following pages 



Weight 
Pounds 


First Zone 


2nd 
Zone 

50 

to 

150 
miles 
Rate 

$0.55 
.56 
.57 
.58 
.59 


3rd 

Zone 

150 

to 

300 

miles 

Rate 




Local 
Rate 


Zone 

Rute 

50 

miles 


P:arcels May Be Insured 
Against Damage or Loss 

and 


51 
52 
53 
54 
55 


$0.30 
.31 
.31 
.32 
.32 


$0.55 
.56 
.57 
.58 
.59 

.60 
.61 
.62 
.63 
.64 


$1.06 
1.08 
1.10 
1.12 
1.14 

1.16 
1.18 
1.20 
1.22 
1.24 


May A\sq Be Sent C. O. D. 

To Money Order Post Offices only 

Insurance Rates 

Value, not over $5.00 fee 3c 

Value, not over $25.00 fee 5c 

Value, not over $50.00 fee 10c 

Value, not over $100.00 fee 25c 

C. O. D. Rates 

(Which include insurance) 
Amount due Sender 


56 
57 
58 
59 
60 


.33 
.33 
.34 
.34 
.35 


.60 
.61 
.62 
.63 
.64 

.65 
.66 
.67 
.68 
.69 


61 
62 
63 
64 
65 


.35 
.36 
.36 

.37 
.37 


.65 
.66 
.67 
.68 
.69 


1.26 
1.28 
1.30 
1.32 
1.34 


66 


.38 
.38 
.39 
.39 
.40 


.70 
.71 
.72 
.73 
.74 


.70 
.71 

.72 
.73 
.74 


1.36 
1.38 
1.40 
1.42 
1.44 


Not over $50.00 fee 10c 


67 


Not over $100.00 fee 25c 


68 
69 

70 





Parcels weighing 4 ounces or less, except boolcs, seeds, plants, 
etc., 1 cent for each ounce or fraction thereof, any distance. 

Parcels weighing 8 ounces or less, containing books, seeds, 
cuttings, bulbs, roots, scions and plants, 1 cent for each 2 ounces 
or fraction thereof, regardless of distance. 

Parcels weighing more than 8 ounces, containing books, seeds, 
plants, etc., parcels of miscellaneous printed mattel* weighing 
more than 4 pounds and all other parcels of fourth-class matter 
weighing more than 4 ounces are chargeable, according to 
distance or zone, at the pound rates shown in the above table, 
a fraction of a pound being considered a full pound. 

THE LIMIT OF WEIGHT of fourth-class matter is 70 pounds 
for parcels mailed for dehvery within the first, second and third 
zones, and 50 pounds for all other zones. 

LIMIT OF SIZE. Parcel post matter may not exceed 84 
inches in length and girth combined. In measuring a parcel 
the greatest distance in a straight line between the ends (but 
not around the parcel), is taken as its \etv^tVv, ^Vvile the distance 
around the parcel at its thickest part is takexv 2kS» *\\s» ^a>(icu ^<jjt 
example, a parcel 35 inches long, 10 mdies -m^^ ^^^ "b Ss^^^ 
^i^^h measures 65 inches in length and gvttYi comXim^^* 
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Population of the United States 

Estimated 191S 

Total— States, Territories and Possessions, 113,235,727 

State*, TaTTitories and Diabict of Columbia 

Total, 102,821,000 

Alabuiu 2.333. — " ' 



07,1 


Nebraska 










New Hampshire... 






K::te^:.-.-::: 




















m 
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Poaseuions 

Total, 10,414,727 

. 232.S58 I Canal Zone 



Newark, N.J 

Cincinoiti, Ohio , , 
New Orleans. La.. 
Minneapolis. Minn 
Washington. D. C. 
Seattle, Wash 

^*oiuts City. Mo . . 



202,010 



P»l«BOD.,\*.i 

Bji4iiepQT\..CoM. . . 
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Population of the United States 



It Lake City, Utah.. 



Reading, Pa... 
Albany, N, Y . . 

SprinEfield, Mas 
Camden, N. J . , 



Kansas City Kaa . . 
Oldahoma City. Ok 
Duluth. Minn 

Akron, ^0.,.™!! 



St. Joseph. Mo..,. 
Manchester, N. H.. 
JaelcBonville. Fla. . . 



Wic 



Jc, N. J . . 



Bayonne/N. J. , . 

Peoria. lU 

South Bend. Ind. 
Johnstoirn, Pa... 
Sftvannah, Ga. , , 
Brockt'™, Mass. . 
Bl Puo. Tax 



5. Cal . . . 

to, Ind . , 



New Biiuio, Coon. 



Covington, 
mint, Mich 



San Diego. Gal ... . 

Pueblo, tolo 

Binghamlon, N. Y. 

Yori. Pa 

Springfield, Ohio... 

Maiden, Mass 

Haverhill, Mass... 
Lancaster, Pa 

K^amuoo. Mich. , 



Woonsocket, R. I 

Newton. Mass 

WestHoboken. N. J.. 

Sidney. Mass 
utte, Mont.,_._ 

Eail^ange.' 
Wheeling. W, . 
Pittsfield. Ms». 



Pitchburg. Mtm. , 
Lejungton, Ky. . . . 

Newcastle, P« 

Chester. Pa 

liamilton. Ohio. - . 



61,041 
60U27 



58,716 
57;768 
S6Ji9 
S6M2 

5S!7!>1 

S2.770 
52.296 

Si!870 
51.437 

50!408 
49,618 
49.538 
49,538 
48,403 
48,390 
48.299 
47.463 
47.167 
46,901 
46.2B2 

451365 



N.J 43,761 



41.997 
41.915 

41,857 
41.338 



Pa 65,109 

Me 64,720 

.111 61.613 

110 62.566 

62.389 

'. Teaa 61,575 



Spring^eld, Mo! ,' 
c£»rlotle, N, C... 
Portimoutb, Va.. 

Dubuque. Iowa! '. 

Jpliet.lll 

CcOsi'iU.jnas.Vi 






150 



GOODMAN MINING HANDBOOK 



The World War 

Chronology of Principal Events 



1914 

June 28 — Archduke Ferdinand 
and wife assassinated in Sarajevo, 
Bosnia. 

July 28 — Austria-Hungary de- 
clares war on Serbia. 

Aug. 1 — Germany declares war 
on Russia. 

Aug. 4 — France declares war on 
Germany; Germany declares war on 
Belgium; Great Britain sends Bel- 
gium neutrality ultimatum to Ger- 
many; British army mobilized and 
state of \yar between Great Britain 
and Germany is declared. Presi- 
dent Wilson issues neutrality proc- 
lamation. 

Aug. 5 — Germans begins fighting 
on Belgian frontier. 

Aug. 6— Austria declares war on 
Russia. 

Aug. 10 — France declares war on 
Austria-Hungary. 

Aug. 12 — Great Britain declares 
war on Austria- Hungary; Monte- 
negro declares war on Germany. 

Aug. 23 — Japan declares war on 
Germany. 

Aug. 25 — Japan and Austria 
break off diplomatic relations. 

Sept. 2 — Government of France 
transferred to Bordeaux. 

Sept. 4^Germans cross the 
Marne. 

Sept. 5 — England, France, and 
Russia sign pact to make no sep- 
arate peace. 

Sept. 6 — French win battle of 
Marne. 

Sept. 14 — Battle of Aisne starts; 
German retreat halted. 

Oct. 29 — Turkey begins war on 
Russia. 

Nov. 7 — Tsingtao falls before 
Japanese troops. 

1915 

Jan. 24 — British win naval battle 
in North sea. 

Feb. 12 — Germans drive Russians 
from positions in East Prussia, tak- 
ing 26,000 prisoners. 
Feb. 18 — German blockade of 
English and French coasts put into 
effect. 
; Feb. 21 — American steamer Eve- 

W'V^'^^ ^y mine in North sea. 
' rf?^* ^^ — ^American steamer Carib 
«a^ by mine in North sea. 



Feb. 28 — Dardanelles entrance 
forts capitulate to English and 

French. 

March 22 — Port of Przemysl sur- 
renders to Russians. 

March 23 — Allies land troops on 
Gallipoli peninsula. 

May 7 — Liner Lusitania torpe- 
doed and sunk by German submar- 
me off the coast of Ireland with the 
loss of more than 1,000 lives, 102 
Americans. 

May 23 — Italy declares war on 
Austria. 

June 3 — Germans recapture 
Przemysl with Austrian help. 

Aug. 31 — Italy declares war on 
Turkey. 

Sept. 1 — Ambassador Bemstorff 
announces Germans will sink no 
more liners without warning. 

Sept. 4 — German submarine tor- 
pedoes liner Hesperian. 

Oct 5 — Russia and Btdgaria 
sever diplomatic relations; Rus«an, 
French. British. Italian and Serbian 
diplomatic representatives ask for 
passports in Sofia. 

Oct. 10 — Gen. Mackensen's forces 
take Belgrade. 

Oct. 12— Edith Cavell executed 
by Germans. 

Oct. 13 — Bulgaria declares war 
on Serbia. 

Oct. 15 — Great Britain declares 
war on Bulgaria. 

Oct 16 — France declares war on 
Bulgaria. 

Oct. 19 — Russia and Italy de- 
clare war on Bulgaria. 

Dec. 4 — Ford "peace party" sails 
for Europe. 

Dec. 8-9— Allies defeated in 
Macedonia. 

Dec. IS — Sir John Douglas Haig 
succeeds Sir John French as chief 
of English armies on west front. 

1916 

Jan. 9 — British evacuate Gallipoh 
peninsula. 

Feb. 22 — Crown prince's army 
begins attack on Verdun. 

March % — Germany declares war 
on PoTlM^aX. 

Matc\i \^> — K>3aXT\«».-'^>acck!KMr3 ^^fc^ 

pedoed atiA «Mt!^« 
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The World Wai--Continued 



April 29 — British troops at Kut- 
el-Amara surrender to Turks. 

May 4 — Germany makes prom- 
ises to change methods of submar- 
ine warfare. 

May 13 — Austrians begin great 
offensive against Italians in Tren- 
tino. . 

May 31 — Great naval battle off 
Danish coast. 

June 5 — Lord Kitchener lost with 
cruiser Hampshire. 

July 9 — German merchant sub- 
marine Deutschland arrives at 
Baltimore. 

Aug. 27 — Italy declares war on 
Germany; Roumania enters war on 
side of allies. 

Aug. 29 — Field Marshal von Hin- 
denburg made chief of staff of 
German armies, succeeding Gen. 
von Falkenhayn. 

Nov. 6 — Submarine sinks British 
passenger steamer Arabia. 

Nov. 7 — Submarine sinks Amer- 
ican steamer Columbian. 

Nov. 8 — Russian army invades 
Transylvania, Hungary. 

Nov. 9 — Austro-German armies 
defeat Russians in Volhynia, and 
take 4,000 prisoners. 

Nov. 21 — British hospital ship 
Britannic sunk by mine in ^gean 
sea. 

Nov. 28 — Roumanian govern- 
ment abandons Bucharest and 
moves capital to Jassy. 

Dec.S — Gen von Mackensen cap- 
tures big Roumanian army in Pro- 
hova valley. 

Dec. 19 — Lloyd George declines 
German peace proposals. 

Dec. 26 — Germany proposes to 
President Wilson "an immediate 
meeting of delegates of the belliger- 
ents." 

1917 

Jan. 31 — Germany announces un- 
restricted submarine warfare. 

Feb. 3 — President Wilson reviews 
submarine controversy before con- 
gress; United States severs diplo- 
matic relations with Germany; 
American steamer Housatonic sunk 
without warning. 

Feb. 12 — United States refuses 
German request to discuss matters 
of difference unless Germany with- 
draws unrestricted submarine war- 
fare order. 

Feb. 14 — Von Bernstorff sails for 
Germany, 



Feb. 25 — British under Gen. 
Maude capture Kut-el-Amara; sub- 
marine sinks liner Laconia without 
warning; many lost, including two 
Americans. 

Feb. 26 — President Wilson asks 
congress for authority to arm Amer- 
ican merchantships. 

Feb. 28 — Secretary Lansing 
makes public Zimmerman note to 
Me.xico, proposing Mexican-Japan- 
ese-German alliance. 

March 15 — Czar Nicholas of 
Russia abdicates. 

March 21 — American oil steamer 
Healdton torpedoed without warn- 
ing. 

March 22 — United States recog- 
nizes new government of Russia. 

April 2 — President Wilson asks 
congress to declare that acts of 
Germany constitute a state of war; 
submarine sinks American steamer 
Aztec without warning. 

April 4 — United States senate 
passes resolution declaring a state 
of war exists with Germany. 

April 6 — House passes war reso- 
lution, and President WiUon signs 
joint resolution of congress. 

April 8— Austria declares sever- 
ance of diplomatic relations with 
United States. 

April 20— Turkey severs dijdo- 
matic relations with the United 
States. 

April 28 — Congress passes selec- 
tive service act for raising of army 
of 500,000; Guatemala severs diplo- 
matic relations with Germany. 

May 14 — Espionage act becomes 
law by passing senate. 

May 18 — President Wilson signs 
selective service act. 

June 5 — Nearly 10,000,000 men 
in U. S. register for military service. 

June 12— King Constantine of 
Greece abdicates. 

June 13 — Gen. Pershing and staff 
arrive in Paris. 

June 15 — First Liberty loan closes 
with large oversubscription. 

June 26— First contingent Amer- 
ican troops under Gen. Sibert 
arrives in France. 

June 29 — Greece severs diplo- 
matic relations with Teatoxvv:. laSS^a.^*- 

food atid lMt\ >«A«^ V^^'^^^^J^^ilo, 
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The World War-ConUnued 



resignation forced by German 
political crisis. 

July 18 — United States govern- 
ment orders censorship of telegrams 
and cablegrams crossing frontiers. 

July 22 — Siam declares war on 
Germany. 

July 28 — United States war indus- 
tries board created to supervise 
expenditures. 

Sept. 16 — Russia proclaims new 
republic by order of Premier 
Kerensky. 

Oct. 27 — Formal announcement 
made that American troops in 
France had fired their first shots in 
the war. 

Oct. 29 — Italian Isonzo front 
collapses and Austro-German army 
reaches outposts of Udine. 

Nov. 1 — Secretary Lansing makes 
public the Luxburg "spurlos ver- 
senkt" note. 

Nov. 9 — Permanent interallied 
military commission created. 

Nov. 24 — Navy department an- 
nounces capture of first German 
submarine by American destroyer. 

Nov. 28 — Bolsheviki get absolute 
control of Russian assembly in 
Russian elections. 

Dec. 6 — Submarine sinks the 
Jacob Jones, first regular warship 
of American navy destroyed. 

Dec. 7 — Congress declares war 
on Austria-Hungary. 

Dec. 8 — ^Jerusalem surrenders to 
Gen. Allenby's forces. 

Dec. 2& — President Wilson issues 
proclamation taking over railroads. 

1918 

Jan. 28 — Russia and Roumania 
sever diplomatic relations. 

Feb. 2 — United States troops take 
over their first sector, near Toul. 

Feb. 6 — United States troopship 
Tuscania sunk by submarine, 126 lost. 

March 1 — Americans repulse Ger- 
man attack on Toul sector. 

March 2 — Treaty of peace with 
Germany signed by Bolsheviki at 
Brest-Litovsk. 

^ March 4-^Germany and Roumania 
s^jj armistice on German terms. 
March 23 — "Mystery gun" shells 
■Pans. 

4p/77 26— British and French 
Zf^ .pottle up" Zeebrugge. 
Ost^nd ^^^—^"^is^ navy bottles up 



May 24 — British ship Moldavia, 
carrying American troops, torpe- 
doed; 56 lost. 

June 3 — Five German submarines 
attack U. S. coast and sink eleven 
ships. 

June 5 — U. S. marines fight on 
the Marne near Chateau Thierry. 

June 22 — Italians defeat Aus- 
trians on the Piave. 

July 18 — Gen. Foch launches 
allied offensive, with French, Amer- 
ican, British, Italian and Belgian 
troops. 

July 21 — Americans and French 
capture Chateau Thierry. 

July 30 — German crown prince 
flees from the Marne and withdraws 
army. 

Aug. 4 — Americans take Pismes. 

Aug. 5 — American troops landed 
at Archangel. 

Aug. 7 — Americans cross the 
Vesle. 

Sept. 29 — Allies cross Hinden- 
burg line. 

Sept. 30 — Btdgaria surrenders, 
after successftd allied campaign in 
Balkans. 

Oct. 5 — ^Germans start abandon- 
ment of Lille and bum Douai. 

Oct. 1 1 — American transport 
Otranto torpedoed and sunk: SOoTost. 

Oct. 13 — Foch's troops take Laon 
and La Fere. 

Oct. 17 — Allies capture Lille, 
Bruges, Zeebrugge, Ostend, and 
Douai. 

Oct. 27 — German government 
asks President Wilson to state 
terms. 

Oct. 29 — Austria opens direct 
negotiations with Secretary Lansing. 

Oct. 31 — Turkey surrenders; 
Austrians utterly routed by Italians; 
lose 50,000; Austrian envoys, under 
white flag, enter Italian lines. 

Nov. 1 — Allied conference at 
Versailles fixes peace terms for 
Germany. 

Nov. 3 — Austria signs armistice 
amounting virtually to uncondi- 
tional surrender. 

Nov. 4 — Allied terms are sent to 
Germany. 

Nov. 7 — Germany's envoys enter 
allied lines by arrangement. 

Nov. 9— YAva^t ^•'^"fcltcL abdi- 
cates a.1^^ CTO'wtv vcvciRfe ^«Q!Qi^aag^»t 
throne. . . ,.- • a > 

Nov. \V KttCkX'&Xa.Cfc «&!SGkSA. ^sA 

bostlUties ceasfc. 
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Goodman Electric Breast Machine 

Standard Type 




Fitted with Chain Cuardi 



The Mining Machine with Compound Wound 
Motor, enabling it to adapt itself to variations iltj 
the cutting and voltage. 

Its motor is placed lengthwise, giving ample 
for good bearings and wide-face pinion. 

All gears are large, assuring ample strength and 
durability. 

Has only one worm gear, and that a large one. 

Ali parts are designed with generous proportion! 
for needed strength and durability. 

Has under-running chain, which permits cutting;| 
close to the bottom. 

Fitted with chain guard, when so required, f( 

protection of men and meeting all legal require- 

inents. 

Unegualed for really heavy AwV-j s,*i\N\it, ■a.'^ 

rnved by years of test under a\\ mw«'i£, cou^vVao^s 
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Goodman Electric Breast Machine 

Standard Type 







Slight alterations from plain design of the Staiw 
ard Type machine permit enclosure of. electrit 
parts for use in gaseous mi 

Easily removed hand-hole covers afford free ac- 
cess to commutator and brush holders. 

The machine with electrical parts enclosed is in 
every other respect the Standard machine. 

May have chain guards, as here shown, or be 
without them, as required. 

Back jack is self-supporting — does not fall to the 
floor when released. 

Rollers carry the heavy tud, ■m?J*;\'A^ ^\\<v^'^'»*^^ ' 
on skid or bottom. 



156 GOODMAN MINING HANDBOOK 

Goodman Ellectric Breast Machine 

Low Vein Type 




With Chain Guards 

Has the Compound Wound Motor, so important 
in mining machine design. 

Motor armature lies lengthwise, allowing room 
for generous bearings and gears. 

Built very low, permitting operation in very thin 
coal. 

Gearing is all readily accessible, making mainte- 
nance easy. 

Sliding Frame is very stiff, insuring straight and 
free cutting. 

Stationary Frame is of the same rugged construc- 
tion as for the Standard machine, giving the neces- 
sary rigidity without excessive weight. 

Cham Guards may be supplied as shown, or 
o/n/tted, 

^^K be made with electrical paxVs etvcXos^^L. 



GOODMAN MINING HANDBOOK 

Goodman Electric Breast Machine 

Standard Typa 



Has simple and powerful induction motor, the 
rotor of which cannot be burned out. 

The power truck on which it moves is equipped 
with a planetary drive, which enables the stopping 
of the truck while the motor is still running, and 
gradually starting again without any shock or strain 
to any of the propelling parts. 

Equipped with a three-conductor cable for three- 
phase circuits. 

The machine, excepting the motor parts, is the 
same as the direct current machine shown on pre- 
ceding pages. 

May be fitted with chain guards when sq A^-ot^A. 

Highly economical ior tVve sm^W txCvtv^ -«>».<2^'*-^ 
chases power, available on\7 m iVvwcva.<«v^ ■^'«^^' 
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Goodman Air Breast Machine 

Standard Type 



1 



The Goodman air driven breast machine runs 
quietly and as free from vibration as an electi 



This is accomplished by the perfect balance of 
the engine. 

Because of its smooth nmning and absence of 
vibration, the jacks are as easily held as on an 
electric machine. 

Because of its smooth running and absence of 
vibration, the engine does not shake itself to pieces 
as do air driven breast machines of the old type. 

Because of its smooth running and absence of 
vibration, the maintenance of this engine is easi* 
and cheaper than for any engine of the old type. 

Because of its modern design, this air drivi 
breast machine will cut coal with smaller c< 
tion of air than any other similar machine. 



of^ 



The engine is so constructed that it will gi' 
greater torque for a given initial pressure than 
3n_y other similar machine. 

^nd therefore this machme vj\\\ xv 
'ressures, where others wU\ ^.taW. 



I 
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Goodman Drop-Front Trucks 

For Mining Machines 




Has a parted platform, tlie front half hinged on 
the forward axle. 

In unloading, this drop front forms an incline 
down which the machine slides freely to the floor. 

In loading, the incline makes the work easy and 
rapid. 

All four trnck wheels remain always on the rails. 

There is no derailing, nor erratic plunging at tt-e. 
truck as the machine slides oK- 

A very great improvement o-yct "Ctve. '^'''^ '^^^^.^i 
truck, and to be had on\y w\t\\ e^ooiw^"^ '^'^ 



1 



A Continuous Cutting Machine for room 
pillar work, and for work on long; faces. 

All movements and operations are made by the 
machine itself, under its own power. 

This is of particular importance in low coal, where 
bars are not easily handled. 

A front jack and stationary frame may hold and 
guide the machine in making its sumping cut into 
the coal, but usually the sumping is done without 
use of the front jack. 

The stationary frame forms a perfect chain giiard 
for the cutter arm at all times when not actually 
under the coal. 

A pan shoe beneath the front jack supports the 
cutter arm off the floor while moving about the 



As the cutter arm enters the coal the stationary 
frame (chain guard) telescopes back into the base 
of the machine. 

The sumping cut is made at the right-hand side 
of the room, tiie feed and ta\\ Topes led to anchors 
or jacks suitably set. 
W^he sumping- finished, the ^eed YO?e \5- \t6. aK^oas. 
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Goodman Electric Shortwall Machine 

For Room and Pillar Work 




the room to the left-hand wall, where the jack is 
again set. 

The running cut across the face is then made, 
under perfect control, in one continuous operation. 

A tilting device permits elevation or depression 
oi the cutting, as conditions may require. 

The machine is dragged back to its truck, loaded, 
moved to a new room, and there unloaded and set 
—all by its own power. 

The machine is self-contained, without subsidiary- 
parts for sumping or for supporting the cutter arm 
in moving. 

The cutter arm is narrow ; hence easily guided 
and not easily cramped under the coal. 

Has compound wound motor, large parts, ample 
g'earing, and is equipped for heavy duty service, 

Workinar |«d, but with large hand- 

holes ■ded. 
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Goodman Ellectric Shortwall Machine 

On SeK-Propelline Truck 



OOK_1^H 
Machine ^H 
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Goodman Electric Shortwall Machine 

Standard Type 




Has a simple and powerful induction! motor, 
giving maximum starting torque, with minimum 
starting current. 

The rotor contains no joints of any kind over 
which current passes, and it cannot be burned out. 

The power truck on which it moves is equipped 
with a planetary drive, which enables the stopping 
of the truck while the motor is still running, and 
gradually starting again without any shock or 
strain to any of the propelling parts. 

Equipped with a three-conductor cable for threeJ 
phase circuits. ■ 

The machine, excepting the motor parts, is the 
same as the direct current sVvQT\."«sKi.-m.-!L0s».-&t'5Ms«'^ 
■ on preceding pages. 




Plain Langwill Machine 

The most generally used longwall machi 
this country. 

Has all the desirable features for easy and poi 
tive control of the cutting. 

The narrow cutter arm is easily tilted to permit 
cutting over or under obstructions, or to follow an 
uneven bottom. 

Feed is powerful and positive, yet adjustable 
suit varying conditions. 

Motor is compound wound; armature lies len 

n-!se; gearing is large; all parts are heavy — ^the 

whole machine built for the severe a.x\i coti'tvwitiM,^ 

duties always required in \ongVv'a\\ wotV.. ^^^_ 
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Goodman Electric Longwall Machine 

Heavy Reveraible Type 
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Arm In Pt>>ii:a:i For Runninc Cu: 

For use where conditions are unusually severe, 
requiring an extra heavy construction. 

Built with either a direct-current compound- 
wound nlotor, or with an alternating-current induc- 
tion motor. 

After cutting in one direction, the cu-ttc^--^.-^-^^ '^■^-■^ 
be sH'ung-aroEind to the c^tYvei =,\A.*i,'s?e.-«-K^^'^'^">'^^'^'* 
ing a cut in the opposite. dKvfcetwv"^- ^M 
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Goodman Overcutting Machines 

Straightface Type 
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This machine cuts a straight face, thus providing 
the best shooting conditions, obviating tight corners 
and giving the maximum coal output for a given 
depth of cut. 

Also cuts a straight rib, thus keeping the rooms 
and entries in the best condition. 

Particularly adaptable for cutting in or near a 
band of dirt whose removal is to be facilitated. 

May be converted from a center cutter to a top 
cutter, or vice versa, by inverting the cutting ele- 
ment. 
All motor parts and geaxms ate ttiOicA^A. 
J^as attachment for boring anc\vot \io\fc '^'j -?«>««. 
^s equipped with a chain guaid. 
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Goodman Overcutting Machines 

Straiflitface Operation 
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1. The Machine arrives at the face in the room 
which is to be cut. 

2. "Ready to sump. Anchor set at the face and 
wire feed rope attached to it. 

3. Sumping completed. Ready to start the 
straightface cut across the place. 




4. Half way across on the straightface cut. 

5. Straightface cut finished at the left side. Wire 
rope led back to a jack set behind the machine. 

6. Square place cut completed bv ti^t^Vi^t '^'i 
machine along the track w\t\v \.Vie. ■w'\tt. \'a,'$e.- 

Returning the cutter-arm lo ■^^I'wi^. "^'.^^^ 
machine is ready to traveV to "\ts we.xV 'mc-O^-w'^,^ 
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Goodman Overcutting Machines 

Slabbing Type 



I 



For High Conifer CultJns— Operating Side 



For long face cutting, in cithci- dovuluiJiiieiU ur 
recovery work. 

Improves the effectiveness of machine cutting by 
increasing the proportion of time during which 
actual cutting is done. 

Swings its cutter arm to right or left at right 
angles to the track, for cutting faces of any lengths 
at either side. 

Sumps into the coa! by a simple swing from any 
position. 

Useful in long-face advancement, in entry widen- 
inff for track sidings, and in pillar drawing. 
Self-propeUing for ra\>\<\ Ua\e\TOs. 
Cuts from low to hig\i centw ml sc^to, Mvi. >.- 
cnmes a top cutter by inverswn o\ t\\t cvxW-^ 
'irnt in the side frames. 
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Goodman Overcutting Machines 

subbing Operation 




1. The machine at the face, re:idy lu start L-ut- 
ting. 

2. Sumped by straight advance on the track. 

3. Circular face cut made by swing of the cutter 
arm. 

4. Cut completed by backward movement of the 
machine alont; the track. 




5. Track laid at side of a room or along any face 
to be slabbed. 

6. Slabbing cut as for entry widening — started 
by swinging sump of the cutter arm; continued by 
travel of the machine on the track. 

7. Room developmeul \ivf s\-iv\:>\m-v'fe '^'*- '^^.^^^, 
faacfcward from the oT\g,\wa.\ tcic>w\ Ktvc^- 

.mcthod in pillar drawing. 





The Elements of the Complete Eqnipmi 

The Scraper Loader avoids necessity for layii 
track, taking top or placing cars in rooms. 

It is particularly valuable in low coal 
bad pitches are encountered. 

Useful also for face loading in room-and-pilli 
mines where long faces are worked. Also i: 
wall mines. 

A complete outlit serves a panel of four or five 
rooms, from the time they reach a depth too great 
for shovel loading direct to cars on the entry, until 
they are fully driven up and the pillars drawn back. 

The winding engine and the prop sheaves in the 
entry remain in iixed position until the work on 
this panel is completed, whereas the scraper is 
moved from room to room as the places are made 
ready to load out. 

The outfit is operated by four or five men, the 
number depending on conditions. One man is sta- 
tioned at the winding engine and one at the chut( 
who a)so trims the cars ; the others are at the 

Control is by bell signals. 

T/ie winding engine has tandem dtum?.. V\\!5: 



hut^_ 
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Goodman Scraper Loader 

Particularly Valuable in Low Cob! 




dependent clutches, permitting reversal of rope hau] 
without reversal of motor. 

Lead and tail ropes from the two drums pass be* 
tween two pairs of center sheaves, giving fair leadl 
to other sheaves from which the ropes enter the 
room to be loaded out. 

Snatch blocks at the face — one at the left for the 
tail rope and two at the right for guiding the scraper 
in the loading — are held by jacks and are moved 
from room to room with the scraper. 

Planks attached at lower ends of a fairly straight 
line of props serve to guide the scraper in its travel. 
A steel channel with rollers forms the face end of 
this guide-way and is moved up as the room ad- 



A steel chute at the entry delivers the coal from 
scraper to car, and is swung out of the way when 
the scraper is in use elsewhere. 

In mines where bottom is taV-ttv otv ■0&.^ ^"^T^^^t 
scraper works along the rooTO\>o'tt.o-m.\.o'*v'^^^^ 
chute. Where bottom is uot taVw o^v "^^ ^^ ^ 




inclined trough (if planks is huill tn enable the 
scraper to elevate the coal to loading height. 

When a place is cleaned up, the tail rope is dis- 
connected and, with both winding drum clutches 
engaged, the tail rope and the lead rope are wound 
in, pulling the scraper directly onto a mine car for 
transfer to the next ready place. The face snatch 
blocks being here reset, and the tail rope led around 
its block and hack to the scraper, the operation of 
the loader may proceed. 

Lead rope snatch blocks at the face are of open 

type, so the rope is easily thrown out when the 

scraper is Joaded and in position for hauling out. 

These snntch blocks are set by iatV?. ■a'ttft. taw \«sA- 

'/v be niuved about as the woyV vev\vmt%.^j^^^ 

f''"^'- for each is usuaUy sufficient - ^^^^^B 
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Goodman Scraper Loader 

Two Methoda o( Operation 







W-^l-sU- 



(Tup Taken When 



1 



i 



1. Tandem drum electric winding engine. 

2. Two pairs of center sheaves in a complete 
unit, attached by U-bolts to two wood props. 

3. Room lead sheaves on brackets attached by 
U-bolts to props. 

4. Tail rope face sheave (closed snatch block), 

5. Two lead rope face .sheaves (open snatch! 
blocks). I 

6. Guide channel with rollers. 1 

7. Scraper of plate steel, with chain for haul rope 
attachment. 

'8. Chute of steel, hung to swing out of the way 
when not in ust 
9. Tail rope. 
10. Lead rope. 
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Goodman Storage Battery Locomotive 

Articulated Type 





Battery operation, while affording numerous ad- 
vantages over trolley operation, also imjwses sev- 
eral conditions which must be recognized in a suc- 
cessful storage battery locomotive. 

Goodman Storage Battery Locomotives are com- 
pletely and particularly designed for operation with 
storage batteries. 

In no detail do they follow blindly any feature of 
trolley locomotive practice which is not also in 
strict conformity to the best application of storage 
battery power. 

First and most important, t\vey te'KvQ'jfc. ^torea the 
drivers the excess of wei^t (,4iie to ■Ai^Vo 
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Goodman Storage Battery Locomotive 

Articulated Type 




1 



tery) over and above what is needed to give proper 
adhesion for tractive effort. 

The Articulated type locomotive incorporates 
many advantageous features and is of highest stand- 
ing for battery operation in mines. 

It is designed by engineers of long experience in 
mine locomotive practice and has proved its fitness 
through several years of varied service. 

It carries the battery between two bogy trucks, 
each of which has one pair of idle wheels and one 
pair of drivers, 

The battery sets low, being placed no higher than 
is necessary for clearance of small idle wheels be- 
neath it, thereby permitting operation under low 
roof and keeping the center of gravity low, for de- 
sirable stability. 

The articulated construction permits, as does no 
other type, the use of batteries of ample capacity. 

The battery gets no Vieat iioxn \Ve. -«Q^'^-«^-fe-^-w^^' 
none of them being beueatK vt ot Oiase- \.o ''^- 
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Goodman Storage Battery Locomotive | 

Articulated Type 




E(LUii[lier Bars in the 



The Articulated locomotive will work around any 
mine track curve, by reason of the freedom afforded 
by the bogy trucks, each having short wheel hase. 

It will operate on the light raits usual in rooms 
and side entries, the weight being distributed over 
eight wheels instead of four. 

It does not require excessive clearance for its cab 
corners at curves, the overhang of the bogy truck 
cabs being short. 

It does not throw its draw pin far off track center 
on curves, hence does not tend to derail cars at the 
turns. 

The Articulated locomotive will not destroy mine 
track at curves, because the forward bogy truck acts 
as a pilot in taking the curves easily, at highest de- 
sirabie operative speed. 

Ball bearings at the king p\ns, aiA to ^-V '\s.t\\\\.-j 
of operation at curves. 
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Goodman Storage Battery Locomotive 

Articulated Type 
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A large cab at each end affords comfortable and 
safe accommodation for motorman and trip rider. 

All parts are easily accessible, no running parts 
hut the idle axles being beneath the battery box. 

Only so much weight being on the drivers as is 
necessary for development of desired drawbar pull, 
the battery and electrical parts have wheel -slippage 
protection against overload injury. 

Electrical parts may be enclosed for service in 
gaseous mines. 

Equalizer bars in the trucks assure equality of 
wheel pressures on uneven track. 

Longitudinal stiffness is provided, to prevent tilt- 
ing of the trucks under the action of drawbar pull. 

Transversely the trucks have amyle freedoTO. fc.-: 
following- uneven track, i:o\i\-&'i\^ \ii.^^^*i <^vi?;'H^"i- 
etc. 
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h Goodman Storage Battery Locomotive 

V Articulated Type 

Goodman Storage Battery Locomotives may be 
fitted for combination service, operating by troliey 
when traveling where overhead wiring is hung. 

The motors have spHt field windings, giving two 
high-efficiency speeds of operation without the 
rheostat, and reduced resistance losses at other 
speeds. 

Combination locomotives have two speeds on the 
battery and two higher speeds on the trolley, inde- 
pendent of the rheostat. 

Goodman Storage Battery Locomotives are driven 
through gearing only, and all gears have teeth hard- 
ened by heat treatment. 

Gears are encased and run in oil. 

Single Truck Type 



^ 




For light service a single-truck design is provided, 
as shown above, affording the same wheel-slippage 
protection of electrical parts, and all other import- 

ant features of the Art\c\.\\a\.ed X-j^e e:x.ce,\it those 

'we to the bogy trucks. 
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Goodman Gathering Locomotive 

For Large Can, [n Low Cokl 
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A highly successful gatherer for most exacting 
service in the more difficult of mining conditions. 

Stands 30 inches above the rails to the top of its 
deck. J 

Trolley pole can be so attached that it may be ^| 
depressed completely below the deck of the Iocomo-,^| 
tive in operating under low roof. ^B 

Has flexible and short wheel base, to follow the 
mine track over uneven places and around sharp 
curves. 

May be provided with electric cable reel for gath- ^M 
ering use, driven either from the locomotive axle or ^M 
by an independent motor. ^| 

Frame is of "unbreakable" composite construe- M 
tion — cast and rolled steel. 

Spring bumpers and spring dvaK ^t^t . 

Controliing and breaking de^^Xce^'s. -ax-^i--^^*:-*^ "^"^ 
facilitate quick handling and tav^d ^otVv^^- _^_ 
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Goodman Gathering Locomotive 

For Small Car. and Law Roof 



^ 




^^/*) 



Designed as a small, compact gathering locom 
live for effective work in light service. 

Has short wheel base and small wheels, and will 
run wherever a mine car will go. 

Has a singie motor, geared flexibly to both axles. 

Flexible axle support permits rapid operation over 
the rough and uneven track always found in rooms. 

"Unbreakable" composite frame — steel plate sides 
and annealed cast steel ends. 

Even with its short wheel base, the locomotive is 
positively n on- teetering. ^^H 

A very compact construction — 100 inches 1^^^| 
and 33 inches high. Three tons weight. ^^^B 

By variation of design a locomotive only 28 inches 
A/^A may be supplied, in 2-toiv ot 2'/i-ton weight. 
Fitted with one or two iToWfc'j vo^ca a.-R.ii. -w'^-Cs^ 
ffatbering reel as requited. 
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Goodman "Universal" Gathering Locomotive 

Low Conitruction 
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Cnb Rwl Driven by Indspendan 



A gathering locomotive sometimes cannot go tdl 
the face, as in dip rooms, etc. 

Provision of a wire rope and power-actuatedl 
winding drum enables the locomotive to remain onj 
the entry and still reach the car at the face. 

This feature, added to the usual electric cabld 
reel, makes the locomotive truly a Universal^ 
Gatherer. 

It may run the length of its electric cable awayfl 
from the trolley wire and then reach the length of 1 
the wire rope to get a car. 

The locomotive wheels may be locked by brakes 
to prevent movement while the rope is in use. 

The wheels being outs\Ae, Te-TialAv^^ "x-i. -^^^^ ^"^"^^ 
in case track conditions cause, iet^\\w^'^'^'^- ^H 
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Goodman "Universal" Gathering LocomotiTe 

High Coal TypB 




"Universal" equipment includes both electric and 
wire rope reels, but these locomotives may be with- 
out the electric reels when required for crab service 
only. 

The wire rope drum, or crab reel, may be driven 
mechanically by clutch connection to the locomotive 
power, as above, or be operated by an independent 
electric motor, as on preceding page. 

It may be operated with the locomotive standing 
or running. 

Various types of Goodman \ocQ'mQ\.\\cs are fitted 
wiVA this feature, which is oi va-We vn. TOaav-j -w^% 
asides room gathering. 
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Goodman Electric Gathering Reel 

Mechanically or Motor Driven 
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The Goodman 
Gathering Reel is a 
perfected device for 
performance of a very 
difficult service. 

It may be driven 
mechanically from 
tJie locomotive itself or independently by a small 
motor provided for the purpose. 

Conductor cable may be single or duplex, as con- 
ditions require. 

Reels accommodate 300 to 500 feet of cable, single 
or duplex. 

Cable is wound on m even. V'a.'jct^ '^'^ ' 
spooling device. 
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Goodman Three-Motor Locomotive 




General details of design and construction are 
conformity to the standards for two-motor typeSj 
described at length on following pages. 

Heavy side frames are of box form, each framS" 
enclosing the equalizer system by which the loco- 
motive weight, hung at four points, is distributed 
evenly to the six wheels, per diagram below. 

Equality of wheel pressures assures utmost eflec-: 
tiveness in development of drawbar pull. 
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Goodman Two-Motor Locomotive 

Out»de Steel Frame 




Goodman Two-Motor Locomotives have numer- 
ous features of superiority over others of similar 
type, both mechanically and electrically. 

Frames are made with steel side plates, with cast 
steel ends of box type, by which construction the 
greatest possible frame rigidity is obtained. 

The ends are built with spring bumpers and spring 
draft rigging. 

Motors of high power are used, with fittings to 
correspond, to assure that the electrical equipment 
shall be no less strong and durable than the mechan- 
ical construction. 

-Excess oi strength in t\\c e\ecmca\ ¥^T\.a ■^TON-Aea. 
the desirable margin ol euAuiauct i\oX OT1V3 \Riv 



momentary overloads, but also for continuous work- 
ing at highest capacity. 

Motors, with their bearings and gears, are made 
always ample, large dimensions being secured by 
closeness of arrangement and care in design. 

Motor shells are provided with special covers for 
permitting access to commutators and brush holders, 
from above. 

Motors are so hung, and their shells so divided, 
that the armatures — or the entire motors if desired — 
may be removed from above. 

The controller is constructed for series and 
parallel running, and is of rugged construction, well 
enclosed. 

Wheels may have chiWeA ttea^?. ot %v«2v 'C-«es.,'?»s^ 
latter giving about 25 pexceTvH. \)fAXet ■a.««e-««-"^-^ 



r 
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Goodman Two-Motor Locomotive 

Inside Sleel Frame 




The inside frame locomotive, being no wider than 
the wheels, will operate in narrow entries. 

Brakes are accessible for adjustment or for 
renewal of shoes. 

Goodman "unbreakable" composite frame con- 
struction is here particularly adaptable. 

Side frames of rolled steel, with cab and bumper 
ends of annealed cast steel. 

Steel ends withstand all usual shocks of mine 
seri'j'ce, and are readily rep\acei -wVe-w \>\aV«i Vj 
en'ous accident. 



Built in a wide range of weights, and with various 
equipment. 

Any of the two-motor types may have spring 
bumpers, the springs acting both in pushing and in 
pulling. 

Motors may be hung in tandem, one between the 
axles and one outside, or he hung inside, both be- 
tween the axles. ■ 

Tandem hung motors give the short wheel base' 
necessary for sharp curves. 
Inside hung- motors g\\e \.\\e V\"cv^*^^ -«VtOv -s^ 



permissible on curves of fair radius, and desiran 
for long runs. 

A single reduction gear drive is used at each c 
the motor pinion meshing directly with the i 
gear. 

Brakes are very powerful, positive and quid 
giving close control. 

Trolley pole may be set low, aiid no part nd 
project above the deck level. 

Removal of covers iotm\ng the \,o^ ol vV\e. Vocotij 
ttve exposes all parts. 
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Goodman Two-Motor Gatherer 

For Low Coal Work 
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e-Tod, Iniide SUel Frame 

Sand boxes are placed high in the frame, giving 
good head for delivery of sand to the rails close 
to the wheels. 

The locomotive shown on this page is especially 
adapted for mine development, wherein the locomo-^ 
tive does main haulage work as well as gathering. I 

Has quick-acting brakes, as needed in switching 
and gathering. 

May be fitted with power-driven drum for wire 
rope reel, when its work will include gathering from 
dip rooms. 

Provision of two trolley v"^^^ ?,QtVe.\.^ X"^ tiS.-is.-iv ■*>■ 
feature of convenience and vaXwe. 
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Goodman Two-Motor 
Locomotive 

A Narrow Gauge Type For 
fndu atrial Uie 
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A two-motor locomotive of high power, for very 
narrow gauges. Buiit in weights of 10 to 15 tons. 

Similar to the Goodman Single-Motor type in 
several important features of design. 

FJas the unit drive for all four wheels — -giving x 
maximum of hauling capacity. 

Has the flexible axle support, so necessary for 
operation on uneven tracks. 

A thoroughly satisfactory narrow gauge locomo- 
tive for industrial service. 

. The same locomotive, w\v\\omX c^V, X'i \i\«*. for I 
I mine use on narrow gauge ttadft^ 



I 
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Goodman Single-Motor Locomotive 

For HeBTf HBuJage 
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lO-Tan, Double-End Canlra! 

The maximum possible pulling power per ton of 1 
weight in a traction locomotive. 

A patented design, made exclusively by the Good- 
man Manufacturing Co. 

Has a single armature, geared to both axles. 

Hence all four wheels are constrained to act | 
always in unison — a unit of tractive effort. 

In this feature of unit drive lie many items of ] 
time saving in haulage work. 

No wheel can slip until they all slip, and all four I 
wheels revolve always at the same speed. 

A heavier load may therefore be started, without ' 
slippage, than when the two axles are free to act 
independently. 

The motorman may start b\s ttv^ a-tvi ^'^'^ "*■"% "^ 
running speed in shortest possfoXcL iX'ro.t^.'Na^'^-a.'aa^ ^ 
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Goodman Single-Motor Locomotive 

A Unit of Pulling Power 
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71/,-TDn, SinglcEnd Control 

rapidity with which he can turn on current is de- 
termined by the adhesion of four wheels instead of 
only two. 

Perfect flexibility of operation is secured by ap- 
plication of the three-point principle of support in 
the construction and mounting of the frame. 

The weight of the locomotive being equally di- 
vided between the two axles, one-fourth of the total 
weight is borne always by each wheel. 

And that means equality of pressures, regardless 
of irregularities of track surface. 

And this in turn insures constancy of adhesion 
for pulling, regardless of track irregularities. 

Constant equality of wheel pressures also mmi- 
mizes the severity of the seTvvct ou ^i\e. V!a.iV \\^self. 

The flexible truck reduces Wb^AVVJ ^o ^^^"^ 
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Goodman Single-Motor Locomotive 

For Entry Gathering 







e-Ton, with Cathcrlni Reel ^^ 

enabling the wheels to follow mors surely a poorly ^^ 
laid track. ^| 

Also a higher speed may safely be maintained 
over bad spots in the track. 

All working parts are made readily accessible, 
from above, by lifting off the top magnet. 

No pit is required in the shop, as there is no 
underneath work to be done. 

No heavy parts overhang the axles, so the weight 
is concentrated mainly within the wheel base. 

Wheels and brakes are outside, facilitating ad-^H 
justment and renewal of brake shoes. ^H 

Wheels may have chilled treads or be fitted with ■ 
steel tires. 

The one motor, lengthwise ol \.W\o'^o'kv'=i'w^^>^'^ 
ample room for generous propotX.Kotv's. w *^ --saxN^^ 
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Goodman Single-Motor Locomotive 

For Light Haulage 




Wholly within the wheels, this locomotive may 
be operated in the narrowest of entries. 

It lends itself readily to arrangement for double- 
end control, so desirable in many situations. 

Central frame is a single casting of great strength 
and rigidity. 

Cabs are annealed cast steel, bolted on and hence 
readily renewable, though not easily broken. 

Driving gears are bolted directly to the wheels, 
relieving the axles of needless bending stresses. 

Brakes are direct, positive and quick, enabling 
cfose control at all times. 
Sand boxes are placed \i\gVv, giV™?, ?po& Via&. 
for Bow of sand to the ra\\s. 
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Goodman Metal Mining Locomotive 

Sinsle-Motor Type 







The Goodman Single-Motor Type has proved 
itself particularly adapted to haulage work in metal 
mines. 

Its design permits perfectly practical construction 
of a locomotive of large horsepower for narrow 
gauge tracks. 

The standard design, with a few special features, 
meets all the peculiar requirements of this work. 

The flexibility of axle support in the single-motor 
design is of usual value in metal mining work. 

Unit driving for all four wheels affords here also 
the maximum of hauling power for a given weight. 

Double-end control is of special "j^Wit, -^s. "^^r. 
locomotive in many mines vs fcvet^^-i, ^'^ "^^ -aM&v- 
"station." _^M 
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100 Hp. ComblDBtlan Rack Locon 



The Goodman Rack Rail Haulage is the onl_ 
practical Rack Locomotive system ever built for 



! 



Plain Rack System for operation by rack rail 
only — advisable where grades prevail. 

Combination System for mines where the road- 
ways are generally level, or nearly so, and where 
grades are only local or not predominant, permitting 
operation by traction on the level stretches and by 
rack on the grades, where the rack rail is laid. 

A single motor ol amp\c pTO^otxxQti.?,, ?,eared to 
both driving axles £or ttact\o'cv Tuui\\ti.%, ot ■v»\i<a'^ 
driving sprockets (see next page^ toT tjlcV ^^*iTa.'«a'cv. 
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Goodman Rack Rail Haulage 

For Heavy Grades 






Driving Arrangement for Combination Traction and Rack Operalian 

By shifting a clutch the motor power may be 
transmitted to the axle and track wheels for traction 
operation. 




The rack rail is made up of flat steel bars, per- 
forated accurately to receive the teeth of the driving 
sprockets, and joined end to end by bolted fish 
plates. 

The rack rail is supported xv^iX-j ^Xsqn ^ ^ ^'w^^'^?^ 
on the ties by carefully iortneA i\^w-<^ ^-a-v^^- j 
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